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A POPULATION OF THE STRIPED FIELD MOUSE, APODEMUS 
AGRARIUS COREAE, IN CENTRAL KOREA 


By Puittie M. YouNGMAN 


Recent studies of hemorrhagic fever in Korea (Traub ef al., 1954) have indi- 
cated the striped field mouse, A podemus agrarius coreae Thomas, as a possible 
reservoir of the disease. Sviridenko (1944) considered striped field mice to be 
of epidemiological importance, since they might be symptomless carriers of 
several experimentally induced diseases, including encephalitis and tularemia. 


Since little was known about the ecology or population dynamics of the striped 


field mouse, it was considered that a study of this and associated species might 
add to the understanding of possible rodent reservoirs of hemorrhagic fever and 
other diseases. 

In January 1954, an area near the present demilitarized zone was selected for 
study. This area was in the known endemic zone of hemorrhagic fever, and a 
number of cases had occurred in military units in this region every year since 
1951. Late January and early February were devoted to preparing the selected 
area for a live-trapping program. Actual trapping operations began on Feb- 
ruary 21 and were continued until July 10. 
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Methods.—The field techniques used were essentially those of Blair (1951), 
which are designed to yield population numbers and composition, as well as 
life history information. The study was based on a live-trapping and marking 
program utilizing 400 trapping stations which were located 50 feet apart in 
parallel lines on a 20.72-acre quadrat. Wooden traps similar to those described 
by Blair (1941) were used, but they had no latch to prevent multiple captures. 
The construction of the trap doors also permitted a certain number of escapes. 
Whole corn was used as bait, and a large wad of non-absorbent cotton was placed 
in each trap for nesting material. Traps were set every other night on one quarter 
of the quadrat in order to minimize the localization of captures. Traps were 
moved from one quarter to another every 6 to 8 days, and in this manner the 
entire quadrat was trapped during each of the following periods: February 21 
to March 27, April 2 to May 7, and May 8 to July 10. 

All animals were marked with ear tags of the fish fingerling type and released 
at the site of capture. The trap was then closed until the next evening to pre- 
vent re-entry of the same individual. Daily records showed where each animal 
was caught, its breeding and pelage condition, and observations on social rela- 
tions. As trapping progressed many individual mice could be recognized by 
various physical and temperamental characteristics. Generally the more often a 
mouse was handled, the more docile it became. 


THE ECOLOGICAL ASSOCIATION 


The trapping area (Lat. 38°11’N; Long. 127°11’E) was located approximately 
42 miles north-northeast of Seoul, and 10 miles south of Chorwon, near a tribu- 
tary of the Imjin River. The quadrat was situated on the east side of a mountain 
on the slope of a gently graded alluvial fan (Pl. 1). The rock was of volcanic 
origin, and the soil a rich brown in color. 

A seattered growth of 15-16-year-old pines (Pinus densiflora) covered the 
southwest quarter of the quadrat. Interspersed with the pines were Lespedeza 
bicolor and smaller herbaceous plants, as well as seedling oaks (Quercus aliena, 
(Quercus dentata, and Quercus mongolica) (Pl. 1). The litter in this quarter of the 
quadrat was quite thin due to fairly recent fires. 

The major part of the vegetation was composed of a dense growth of shrubs 
and grasses (Pl. Il). The more important plants were Miscanthus sinensis, 
Arundinella hirta, Quercus aliena, Quercus dentata, Quercus mongolica, Lespedeza 
bicolor, Corylus heterophylla, and Berberis koreana. A list of other plants identi- 
fied, but in no way representing a complete list of species, includes: Carex nanella, 
Carex leucochloa, Rhododendron mucronulatum, Belameanda chinensis, Polygona- 
tum humile, Smilax oldhami, Potentilla fragariodes, Potentilla freyniana, Evony- 
mus alatus, Betula chinensis, Leibnitzia anandria, Spirea prunifolia, Asparagus 
oligoclonos, Lilium amabile, Rosa maximowicziana, Physaliastrum echinatum, 
Lastrea oligophlebia, Pteridium aquilinum, Castanea crenata, Indigofera kirilowii, 
Brunella asiatica, Clematis brachyura, Athyrium yokoscense, Cassia nomane, 


Artemisia stolonifera, Solidago virgourea, and Palura chinensis. 


The dense growth of vegetation on the quadrat is similar to much of the 
region lying in approximately a 15-mile-wide band to the south of the demili- 
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PLATE I 


Tor: Quadrat located on alluvial fan at center. Note abandoned paddy fields and dikes 
in foreground, July 9, 1954. Borrom: View of south-west sector of quadrat. Pines, oaks, and 
Lespedeza in foreground, Note abandoned paddy fields in valley, July 9, 1954. 
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PLATE II 
Central section of quadrat showing typical dense growth of grasses, oak seedlings, pines 
and shrubs, July 9, 1954, 


tarized zone. This area had been unfarmed since the summer of 1950, and only 
as recently as the spring of 1954 had the region been reopened to agriculture. 
The area in the vicinity of the quadrat had not been affected by this recent 
farming movement. 

Near the study plot were located the ruins of a village which until 1950 had a 
population of about 300 people who farmed the paddy fields in the valley, and 
planted beans on the lower portion of the area that was to become the quadrat. 
Former occupants of the village informed the writer that the collection of fuel, 
thatching, and weaving materials had kept most of the unfarmed hillsides more 
closely cropped than they were at the time of the present study. 

The striped field mouse is ubiquitous within its range, and in Korea is gener- 
ally the most numerous species present. It is found inhabiting agricultural land, 
abandoned fields, scrub thickets, stream banks, broadleaf forests, mixed broad- 
leaf-coniferous forests, and human habitations. Sviridenko (1944) records large 
invasions of striped field mice causing severe damage to agriculture and forestry. 

Mammals other than the field mouse trapped on the quadrat were seven 
musk shrews (Crocidura lasiura), one lesser white-toothed shrew (Crocidura 
suaveolens), one red-backed vole (Clethrionomys rufocanus), three reed voles 
(Microtus fortis), and two gray hamsters (Cricetulus triton). Some of the shrews 
were resident on the quadrat. In one instance a musk shrew was caught in the 
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same trap with an adult female field mouse. Neither animal displayed distress, 
nor was there any evidence that fighting had taken place. The red-backed vole 
was evidently a transient from nearby rocky outcroppings where they were 
known to be residents. Reed voles were found mostly in the lowlands in aban- 
doned rice fields, along the dikes, and along stream banks. A male and female 
were caught in the pine-covered portion of the quadrat early in March. The 
gray hamster is known to inhabit rocky, scrubby hillsides. However, there had 
been no evidence of a nearby population until the last few days of trapping 
when a male and female were caught at the same trapping station, within a 
day of each other. 

Other mammals seen on the quadrat were: the eastern mole (Talpa micrura), 
a bat (Eptesicus serotinus), the red fox (Vulpes vulpes), the Siberian weasel 
(Mustela siberica), and the Chinese hare (Lepus sinensis). The mole burrows 
were located mostly among the pines. The first Eptesicus were seen on April 26, 
and several were collected in June. The red fox was present on the quadrat during 
the entire study, and scats containing fur from striped field mice and red-backed 
voles could be found in abundance. The weasel was seen only once on the edge 
of the plot. Hares were common in winter to the extent that two or three could 
be found on any one day, and droppings were numerous. The hares evidently 
disappeared from the area in May. One skull of a badger (Meles meles) was 
found on the area, and old nests of the harvest mouse (Micromys minutus) were 
found in a grassy situation on the quadrat. 

Predatory birds seen included the kestrel (Falco tinnunculus), Eurasian buz- 
zard (Buteo buteo), hen harrier (Circus cyaneus), Asiatic sparrow hawk (Accipiter 
nisus), and the bull-headed shrike (Lanius bucephalus). Other birds seen included 
the jay (Garrulus glandarius), magpie (Pica pica), thick-billed crow (Corvus 
levaillantit), hawfinch (Coccothraustes coccolhraustes), meadow bunting (Emberiza 
cioides), yellow-throated bunting (Emberiza elegans), rustic bunting (Emberiza 
rustica), tree sparrow (Passer montanus), pied wagtail (Motacilla alba), great tit 
(Parus major), brown-eared bulbul (Jxos amaurotis), bush warbler (Horeites 
diphone), stonechat (Sazicola torquata), Daurian redstart (Phoenicurus auroreus), 
eastern turtledove (Streptopelia orientalis), quail (Coturnix), and ring-necked 
pheasant (Phasianus colchicus). 

Amphibians collected on or near the quadrat included Rana nigromaculata, 
Rana rugosa, Rana temporaria, Hyla arborea, Bufo bufo and Bombina orientalis. 
Reptiles collected included the lizards Eremius argus and Takydromus wolteri 
and the snakes Ancistrodon halys, Natrix tigrina, Elaphe rufodorsata, Elaphe 
dione, and Elaphe schrenckii. One previously tagged gray hamster was taken 
from the stomach of an Ancistrodon, and one Rattus sp. was taken from a large 
Elaphe schrenckii. 


POPULATION AND HOME RANGE 


For purposes of analysis the trap records are broken down into three periods: 
February 21 to March 27, April 2 to May 7, and May 8 to July 10. This proce- 
dure is necessary to include data from all portions of the quadrat for population 
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Tasie 1.—Number of striped field mice captured on a 20.72-acre quadrat in Central Korea 








Sex class | Residence class | Feb. 21-Mar. 27 Apr. 2-May 7 | May 8-Jul. 10 
Adult female Resident 29 30 26 
Transient ll 6 19 
Adult male Resident 39 42 36 
Transient 27 6 22 
Juvenile female Resident 0 9 
Transient 0 0 6 
Juvenile male Resident 0 0 5 
Transient 0 0 7 
Total mice 106 84 130 
Total resident adults 68 72 62 





estimates. The total catch of field mice is considered to represent approximately 
the total population of the species on the plot. 

Numbers of mice.—During the five months of trapping, 220 individual field 
mice were taken in a total of 1010 captures. In the first period, February 21 to 
March 27, a total of 106 field mice was caught (Table 1). Shortly after trapping 
began, an accident occurred in one quarter of the quadrat which resulted in the 
death of 20 mice. Due to the absence of a lock that would prevent mice from 
entering a closed trap, these mice entered and could not escape from traps that 
had been closed and left for a three day period. The deaths were a result of wet, 
cold weather. In subsequent trapping operations locks were provided to prevent 
entry while trapping was suspended. During the second period, April 2 to May 
7, a total of 84 field mice was caught. It is suspected that this drop in numbers 
is a direct result of the loss of mice in the first period. It is interesting to note 
that the vacancies left by the mice were not filled immediately. There was an 
increase in numbers to a total of 130 mice caught during the last study period, 
May 8 to July 10. 

Resident population.—Following the procedure of Blair (1951), any mouse 
trapped four or more times was classed as a resident, and the rest as transients. 
This arbitrary division was successful in Blair’s study on a population of the 
beach mouse (Peromyscus polionotus leucocephalus) in Florida, and has proved 
equally useful in the present study. The resident population of field mice re- 
mained fairly stable from period to period with only a slight increase in the 
second and third periods. The resident mice trapped during the first period, 
February 21 to March 27, declined at a fairly uniform rate with 28 of the original 
68 residents still present on the quadrat during the last trapping period (Fig. 
1). The sex ratio of the resident mice did not fluctuate significantly from the 
expected 1:1 ratio during the entire study. 

Transient mice.—Transient mice comprised 35.84 per cent of the total popu- 
lation during the first period, and 21.51 per cent during the third period. How- 
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Fig. 1.—Composition of the striped field mouse population on the quadrat. Numbers 
refer to trapping period in which mice were first trapped. 

















TOTAL NUMBER OF STRIPED FIELD MICE CAUGHT 








ever, transients formed only 14.28 per cent of the population during the second 
period. Trapping records show that during this period new mice that entered 
the area were mostly trapped in the quarter of the quadrat where the 20 mice 
had accidentally been killed. Many of these new mice became residents of this 
area, and it is suspected that these mice would ordinarily have been transients, 
but instead settled in the areas vacated by the 20 dead mice. The sex ratio of 
transient mice was significantly unequal only during the first trapping period, 
when there were 11 females to 27 males. This unbalanced ratio may be a reflec- 
tion of the breeding activities that were beginning at this time. 

When transient mice were released after capture, it was noticed that, in 
general, they were less certain of their surroundings than were resident mice. 
Often a transient would run a considerable distance, hiding among rocks and 
leaves, pausing several times before finally locating a hole. 

Breeding data.—The field observations on breeding activities included only 
records of perforate or plugged vaginas at the onset of breeding, advanced preg- 
nancy, and lactation. Nevertheless, it is felt that the information obtained 
represents the basic picture of breeding trends within the population. 

On the first night of trapping, in February, it was noted that most of the 
males had descended testes. By March 1, all of the males were in breeding 
condition, and the first female with a perforate vagina was trapped on March 17. 
Over half of the breeding activity took place in March and April with a tapering 
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TABLE 2.—Population density of striped field mice 





Estimated population per acre 





Period 











Residents Transients 

|_ Total 

Females Males Females Males 
Feb. 21-Mar. 27......... 1.00 1.35 .38 -93 3.66 
Pf ere 1.03 1.44 -20 -20 2.91 
May 8-Jul. 10........... 1.07 1.26 Br .88 3.98 





off in May to a low in June, and a slight rise in early July. Of a total of 85 adult 
resident mice trapped during the entire study, 22 (25.88 per cent) were known 
to have bred. Of 36 adult transient females, only five (13.88 per cent) were in 
breeding condition or pregnant when captured. 

Juvenile mice.—Mice that had any portion of the gray, juvenile pelage, re- 
gardless of breeding condition, were considered juveniles. Three mice in juvenile 
pelage with descended testes were captured. Juvenile mice were trapped only 
during the period May 8 to July 10. The 27 juveniles caught represented 20.76 
per cent of the total population of that period (Fig. 1). 

Population density —Population density may be expressed as the average 
number of individuals per acre. Before population densities can be calculated, 
the area trapped must be corrected to allow for animals whose ranges extend 
beyond the area on which the traps were set. This correction was made by add- 
ing one half of the diameter of the average home range to each side of the origi- 
nal quadrat. This effectively trapped area was 28.95 acres for the first trapping 
period, 29.17 acres for the second period, and 32.63 acres for the third period. 

The population density of field mice remained fairly constant with fluctua- 
tions from a low of 2.91 per acre during the period April 2 to May 7, to a high 
of 3.98 per acre during the period May 8 to July 10. These changes seem to 
reflect the loss of the 20 mice during the first period, and the addition of juvenile 
mice to the population during the last period (Table 2). 

Home ranges and activity—Estimates of the home ranges of 16 field mice that 
were caught 10 or more times were made from the trapping data by the exclusive 
boundary strip method (Stickel, 1954) since it was felt that im a lengthy study 
such as this, a method should be used that would exclude areas that were known 
not to be used by the mice. Home range sizes were calculated for each of the 
three trapping periods (Table 3). Since there was no significant difference in 
home range size between the sexes, the home range data have been lumped for 
males and females. The home ranges varied from .20 to 1.06 acres, with an 
average of .54 + .09 acres during the first trapping period, .57 + .06 acres dur- 
ing the second period, and .56 + .08 acres during the last period. 

Most of the activity was crepuscular and nocturnal. Mice were observed 
during the day, but they mostly ranged only a few feet from a hole. On one 
occasion, in the abandoned paddy field below the quadrat, a field mouse and a 
reed vole were observed feeding in broad daylight only a few inches from each 
other. 








ees OO 


oe 


- 


‘ey - OK “SS O&O ct Oo OC Kf 1 


- &- O&O 


Feb., 1956 YOUNGMAN—STRIPED FIELD MOUSE 9 


TABLE 3.—Estimated home ranges in acres of 16 striped field mice 

















Mouse no. | Sex No. of captures Feb. 21-Mar. 27 Apr. 2-May 7 May 8-Jul. 10 
14 F 15 .20 31 .57 
23 M 20 ° .66 .97 
27 F 17 . 45 .37 
53 F 21 .51 .64 ° 
55 M 37 .83 1.06 . 
57 M ll .80 .20 ’ 
61 M 36 .64 1.03 .20 
63 F 12 31 34 ’ 
66 F 28 34 43 .80 
76 F 18 48 .43 ad 
77 F 26 a 9 31 
80 F 31 .97 .64 .34 
98 M 11 45 . . 
99 F 32 48 .66 .61 

103 F 12 . 51 .45 
134 F 26 ° .43 97 





Average 44 .09 .57 + .06 .56 + .08 











* Captured too few times for significant calculation. 


As noted by other observers (Baker, 1946; Blair, 1951; Burt, 1940; Evans, 
1942; and Stickel, 1949) mice were more active on dark rainy nights than on 
moonlit nights. It is difficult to differentiate between the effects of varying 
amounts of illumination and the effects of the weather. However, the results of 
differing conditions may be seen by comparing the trapping results of several 
nights. On the cloudy, rainy night of March 26, a total of 34 field mice were 
captured, while on the night of April 19, with a full moon, only 16 mice were 
captured. On the overcast night of July 6 a record number of 50 mice were 
captured, but with clearing weather the captures declined until on July 9 the 
total catch was 23 mice. 

A method used by the writer to check small mammal activity on dry nights 
was to sit quietly in a section of the quadrat and listen to sounds made by the 
animals. Shortly after dusk small mammal movements would become noticeable 
and increase with darkness. As the moon rose, the sounds of activity would 
diminish considerably, but if the moon were covered with clouds, activity would 
increase again. 

The nights with large numbers of captures served as a check on the number of 
unmarked mice in the population. A number of dark or rainy nights interspersed 
over a period of time showed successively fewer unmarked mice each night until 
finally only an occasional transient would be found unmarked. Almost every 
mouse whose range included one or more traps was captured on these nights. 

Not only was there increased activity on dark or rainy nights, but the mice 
also traveled considerably greater distances, with trips of up to 400 feet from 
the usual home ranges. These phenomena are difficult to explain, and offer pos- 
sibilities of interesting research on animal movements. 
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SUMMARY 


A study of the population numbers and composition, life history, and environ- 
mental relations of the striped field mouse (Apodemus agrarius coreae) on a 
20.72-acre quadrat in central Korea was made from February 21, 1954 to July 10, 
1954. 

The population density of field mice remained fairly constant, with a low of 
2.91 mice per acre in April and early May, and a high of 3.98 per acre during 
most of May and the early part of July. 

Vacancies left by the accidental deaths of 20 mice were tilled by mice that 
probably would have otherwise been transients. 

The resident population fluctuated less than did the other components of the 
population. 

Considerable mating activity was noticed in March and April, declining in 
May and June with a slight rise in early July. Juvenile mice were trapped only 
during the period May 8 to July 10, at which time they formed a small part of 
the total population. 

The estimated home ranges of males and females did not differ significantly 
in size. The average home range of 16 mice was .54 + .09 acres in late February 
and March, .57 + .06 acres in April and early May, and .56 + .08 acres in most 
of May and early July. In general there was more activity, and greater distances 
were traveled on dark or rainy nights than on clear nights. 
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COMPARATIVE SEROLOGY OF CARNIVORES 
By CuHarues A. LEONE AND ALVIN L. WIENS 


One order of mammals in which there still remains a number of problems in 
relationships even after extensive morphological and paleontological studies is 
the Carnivora. The relationships of the higher categories within this order have 
not been adequately resolved. Comparative biochemical studies of proteins, 
using serological techniques, provide a means of zoological classification which 
supplements morphological studies. Nuttall (1904) was the first to use the pre- 
cipitin serological reaction extensively to study mammalian relationships. Even 
though his tests were unsatisfactory in some respects, he was able to 
conclude that the amount and rate of serological reaction offer an index of the 
degree of blood relationship. The application of quantitative comparative serol- 
ogy in mammalian systematics has been well established by Boyden (1926, 
1942). The precipitin test has been applied to studies of relationship among the 
Bovidae and Cervidae (Wolfe, 1939; Baier and Wolfe, 1942), among the Rodentia 
(Levine and Moody, 1939), among the Lagomorpha (Moody, et al., 1949), be- 
tween the Cetacea and other orders of mammals (Boyden and Gemeroy, 1950), 
and within the Order Marsupialia (Wemyss, 1953). 

The principal reason for making the study here reported on was to determine 
serologically the interfamily relationshps among the carnivores. A second study 
was made to determine the position of the giant panda relative to the Ursidae 
and the Procyonidae. A third study was made to determine serologically the 
relationships among the domestic dog, coyote, and timber wolf. 

These studies were supported, in part, by a research contract, NR 163-012, 
between the University of Kansas and the Office of Naval Research. 


MATERIALS AND METHODS 


Antigens.—A list of the species whose proteins were compared is given in Table 1. Serum 
proteins were the antigens used throughout this study. A saline extract of the muscle of 
the mink was used in a few tests when serum was not available and yielded slightly lower 
serological reactions than did the serum proteins. All of the sera were from individual 
specimens and, in this work, were regarded as representative for the species to which they 
belong. For the purposes of this paper the terms ‘‘serum’’ and “‘antigen”’ are synonyms. 

Four of the sera listed in Table 1 were obtained locally. All other sera were obtained from 
the Serological Museum, Rutgers University, New Brunswick, N. J. through the kindness 
of its director, Dr. Alan A. Boyden. 

The original collectors of the sera and their institutions are gratefully acknowledged as 
follows: L. J. Goss of the New York Zoological Society for the samples of sera from timber 
wolf, puma, black bear, himalayan bear, and giant panda; R. E. Rewell of the Zoological 
Society of London for the samples of sera from polar bear and hyaena; A. E. Hamerton of 
the Zoological Society of London for the sample of serum from the golden palm civet; V. 
B. Scheffer and H. W. Kenyon of the U. S. Fish and Wildlife Service for the sample of 
serum from the Alaskan fur seal; R. A. Rowe of the U. S. Fish and Wildlife Service for 
the sample of serum from the red fox; W. L. Jellison of the U. 8S. P. H. S. Rocky Moun- 
tain Laboratory for the sample of serum from the badger; and D. C. Gemeroy of Rutgers 
University who obtained from the Le Bailly Mink Ranch, Milltown, N. J., the sample of 
serum from mink. 
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TABLE 1.—Classification' of species in the Order Carnivora whose sera were 





compared serologically 





Serum 
Scientific name* Common name Source dims. /100 
cc. 
Suborder Fissipedia 
Superfamily Canoidea 
Canidae 
Canis lupus Linnaeus........... Timber wolf SMRUft 5.95 
Canis latrans Bay. .....-.cccccesscess Coyote Local 6.30 
Canis familiaris Linnaeus. . Dog Local 6.05 
Vulpes fulva (Desmarest)............. Red fox SMRU 6.93 
Procyonidae 
Procyon lotor hirtus Nelson & Gold- 
man oe liaise er Pl hee Raccoon Local 8.55 
Ailuropoda melanoleuca (David) . Giant panda SMRU 8.20 
Mustelidae 
Mustela vison Schreber.............. Mink SMRU 5.55 
Tazxidea taxus (Schreber) Badger SMRU 3.13 
Ursidae 
Thalarctos maritimus (Phipps)........ Polar bear SMRU 7.50 
Euarctos americanus (Pallas).... : Black beart SMRU 6.60 
Selenarctos thibetanus (G. Cuvier)..... Himalayan bear SMRU 8.75 
Superfamily Feloidea 
Viverridae 
Paradorurus [zeylonensis Pallas]...... Golden palm civet SMRU 6.80 
Hyaenidae 
Hyaena hyaena (Linnaeus) Hyaena SMRU 7.44 
Felidae 
Felis catus Linnaeus Domestic cat Local 5.70 
Felis concolor Kerr............. Puma SMRU 6.93 
Suborder Pinnipedia 
Otariidae 
Callorhinus ursinus (Walbaum)...... 7.56 


Alaska fur seal 





1 Based on Simpson (1945). 


SMRU 


* Names from North American species are from Miller and Kellogg (1955). Names for 
all others are from Ellerman and Morrison-Scott (1951). 

t Serological Museum, Rutgers University. 

t Faulty serum—see text. 


The sera, as originally received in our laboratory, were either sterilized, native samples, 
or preserved with 0.01 per cent ‘Merthiolate’, or preserved in 0.2 per cent formalin. ‘Merthi- 
olate’ does not alter the serological characteristics of sera (Leone, 1950a). Dilute formalin, 
when added to serum, causes a decrease in the species-specific qualities of the proteins 
(Horsfall, 1934). However, since sera so treated retain their relative serological compara- 
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bility (Boyden and Gemeroy, 1950), all of the samples compared in this study were adjusted 
to contain 0.2 per cent formalin by adding one part of a two per cent solution of formalin 
to nine parts of serum. 

Antisera.—Antisera were produced by giving healthy, adult rabbits two series of injec- 
tions intravenously. Each series consisted of four injections—0.25 cc., 0.5 cc., 1.0 cc., and 
2.0 cc. given on alternate days. The sera containing antibodies were separated from the 
blood, sterilized in Seitz filters, bottled in sterile vials, and stored in the frozen state at 
—20°C until used. 

Some weak antisera were obtained when the antigen had to be diluted prior to injec- 
tions in order to provide sufficient materials for a minimum number of comparisons. Pro- 
longed series of injections were not practical due to the small quantities of antigen that 
were available. 

Methods of testing.—The methods of precipitin testing used in this study follow those 
outlined by Boyden and DeFalco (1943), and Leone (1949). Measurements of all turbidities 
were made with the Libby Photronreflectometer (1938). The usefulness of this instrument 
in measuring turbid systems has been established by Boyden and DeFalco (1943), Boyden, 
et al. (1947) and Bolton, et al. (1948), These authors concluded that for white precipitin 
systems this instrument is valuable and reliable. 

Precipitin tests were made by adding a constant volume of antiserum to the tubes of a 
doubling dilution series of antigens. The antigens were diluted with 0.9 per cent saline, 
buffered with M/150 phosphate salts to pH 7.0. The first tube of all tests contained an initial 
dilution of 1 part protein to 61.5 parts diluent. Each successive tube contained one-half the 
protein concentration of the previous tube, to a final dilution of 1:1,024,000. These dilutions 
were made on the basis of the known total concentration of protein of the undiluted serum 
(Table 1). Each tube in a test contained 1.7 cc. of diluted antigen and 0.3 cc. of antiserum. 
The reactants were mixed. The tubes were stoppered with corks to prevent evaporation 
and set in a dry-air incubator maintained at 37°C for 24 hours, after which time readings 
were made. The solutions of reactants contained ‘Merthiolate’ (1:5000) sufficient to render 
the systems bacteriostatic. All tests with any one antiserum were performed at the same 
time. 

Turbidities inherent in the solutions of antigens, antisera, and diluent were measured 
and their values deducted from the value of the total turbidities developed in any reaction 
mixture. The resultant values were assumed to be due to the precipitate formed through 
the interaction of the antigen and antibody in the system and were plotted with the tur- 
bidities on the ordinate and the antigen dilutions on the abscissa (Fig. 1). The highest 
concentration of antigen was placed at the intersection of the ordinate and the abscissa. 
For each antiserum the curve obtained for the homologous reaction was the standard of 
reference for the heterologous reactions [= cross reactions]. Values that are proportional 
to the areas of the curves were obtained by summating the plotted turbidity readings. The 
summated values of the heterologous reactions were each divided by the summated value 
of the homologous reaction, and the result multiplied by 100 to give the per cent of sero. 
logical correspondence of the cross-reacting proteins to the proteins against which the 
antibodies were produced. 

The summated values can be duplicated within +2 per cent for tests whose total tur- 
bidity exceeds 100 units. The experimental error is dependent in part on the strength of 
the antiserum. For weakly reacting antisera the experimental error may exceed the indi- 
cated experimental error. To aid in the interpretation of the data, the unreliable low values 
of reactions obtained with weak antisera were replaced with the symbol I in Table 2. 


INTERFAMILY RELATIONSHIPS 


A summary of the results of the serological comparisons of thirteen species representing 
the seven fissiped families and one pinniped family is given in Table 2. Each antiserum, with 
its own specificity, ranked the heterologous antigens in accordance with their degree of 
correspondence to the homologous antigen. The high degree of differentiation that the 
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ANTIGEN DILUTION TUBES 

Fig. 1 (Cont. on facing page).—Curves obtained by plotting the turbidities developed 
in precipitin reactions with the sera of selected species of Carnivores: A, Anti-wolf; B, 
Anti-fox; C, Anti-polar bear; D, Anti-black bear; E, Anti-seal; F, Anti-raccoon; G, Anti- 
cat; H, Anti-puma; I, Anti-civet; J, Anti-badger; K, Anti-mink; and L, Anti-hyaena. Bar- 
graphs are schematic representations of the per cent of serological correspondence among 
the sera in each group of curves. Values given with the bar-graphs were taken from Table 2. 
The length of the bar for the 100 per cent reaction was arbitrarily selected. The lengths 
of the bars representing cross reactions are proportional to the indicated values. 
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Carnivora have undergone is indicated, partially, by the wide range of values for the reac- 
tions. Cross reactions with all the antigens were obtained only with powerful, relatively 
non-specific antisera. 

The precipitin curves, obtained by plotting the values of turbidities, have broad peaks 
and in some instances are distinctly bimodal (Fig. 1F, 1G, 1K). This is positive evidence 
for complex antigen-antibody systems and indicates that at least two distinct reactions 
compose the curves. Boyden and Gemeroy (1950) have shown that the specificity of any 
given antiserum is partly a function of the relative amounts of anti-albumins and anti- 


globulins. The curves presented in Figure 1 indicated that our antisera were variable in 
this respect. 


Anti-canidae (Fig. 1A, 1B).—Antisera were produced against the serum proteins of two 
species of canids. The antiserum against the serum proteins of the timber wolf, Canis lupus, 
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TABLE 2.—Serological relationships of some carnivores 














Antisera 
— =6—6f TT oe le el | Black | Polar | Palm | 
Wolf fox | mn — Mink | —J ny hous |Hyaena| Cat | Puma | pa 

Wolf.... ..-. 100 90 10 _ me 9 I 10 17 I 37 
Red Fox : 77 100 12 I 14 16 8 I 6 15 I 23 
Raccoon.. : 39 86 34 100 i. & 9 12 . 20 I 3 
Badger......... 48 32 100 42 15 8 I I 
Mink 25 45 30* 16 14 100 I 12 I re» I 39* 
Black beart 57 23 14 30 100 41 I I 
Polar bear. . . 68 41 2 12 28 96 #100 31 2 30 I 69 
Himalayan bear. 59 22 I 16 63 44 I 15 
Palm civet.... I I I 100 15 
Hyaena......... 31 33 I I I I I 31 100 28 I 24 
Cat.... ... 8B 2 8 I 13 I I I 29 100 78 27 
Puma..... 31 33 I I 8 I I I 24 75 100 29 
Fur seal......... 62 30 12 18 15 32 I 9 22 I 100 
Total turbidity 

homologous 

GORE. b evsdeeoas 694 300 225 98 200 164 340 54 240 909 108 684 





I = Low reactions, not distinguishable from one another. * = Saline extract. f = Faulty 
serum, see text. 

Values are per cent of reaction between antigens and antisera. Data to be compared are 
read in vertical columns. Values within four per cent of one another are considered to be of 
the same order of magnitude. 


was valuable because it was broadly reactive, but still able to differentiate among a wide 
variety of sera. The antisera against the serum proteins of the red fox, Vulpes fulva, was 
relatively aspecific with respect to most cross-reacting antigens. For both anti-canid sera, 
the strongest reactions were obtained with the canid antigens. Following the canid antigens 
in reactivity were the ursid and otariid antigens. Next in order were the mustelid antigens 
followed by the procyonid antigen. The lowest amount of serological correspondence was 
exhibited by the felid and hyaenid antigens. Two other anti-canid sera were tested and the 
results correlated well with the data given in Table 2. Serological data obtained with them 
are not given in Table 2 because the testing was not so complete or extensive as would have 
been preferred. The four anti-canid sera ranked the antigens of the carnivores as follows 
in decreasing order of correspondence: Canidae, Ursidae and Otariidae (Suborder Pinni- 
pedia), Mustelidae, Procyonidae, Felidae and Hyaenidae. A viverrid antigen was not 
tested with an anti-canid serum. 

Anti-procyonidae (Fig. 1F).—Two antisera were produced against the serum proteins 
of the raccoon, Procyon lotor. The sera of badger, civet, mink, black bear, and himalayan 
bear were not available when the first antiserum was tested. For this antiserum (data not 
given) the strongest heterologous reaction was obtained with the serum of the polar bear 
which was followed in reactivity by a saline extract of the muscle proteins of mink. Next 
in order of reactivity were the proteins of the fur seal. Slightly lower and equally strong 
were the reactions of the sera of wolf and cat. The serum of the fox was next in order of 
reactivity followed closely by the reaction of the serum of the puma. Least reactive was 
the serum of the hyaena. These results correspond well with the results obtained using the 
second antiserum produced against the serum proteins of raccoon (Table 2). The reaction 
of the serum of the badger is noteworthy here since there is little correlation between it and 
the reaction of the serum of the mink. Mink and badger are considered as belonging to the 
same family of carnivores. The significance of the diversity of these two reactions is, at 








ins 
an 
10t 
par 


yng 
of 
vas 
the 
ion 
and 
the 


Feb., 1956 LEONE AND WIENS—SEROLOGY 17 


present, not known, but might indicate a greater biological divergence than is generally 
supposed. The anti-procyonid sera ranked the antigens as follows in decreasing order of 
correspondence: Procyonidae, Ursidae and Mustelidae, Otariidae and Canidae, Felidae, 
Viverridae and Hyaenidae. 

Anti-mustelidae (Fig. 1J, 1K).—Antisera were produced against the serum proteins of 
two mustelid species, Mustela vison and Tazxidea tarus. The antiserum against the serum 
proteins of Tazidea was weak and its usefulness was questionable since the peak turbidity 
of the strongest heterologous reaction was less than five units. Only the sera of the mink, 
the black bear and the polar bear had reliable cross reactions. The antiserum produced 
against the serum proteins of mink, Mustela vison, had the strongest heterologous reaction 
with the serum of the badger. Next in order of reactivity were the sera of the black bear 
and the polar bear followed by the serum of the raccoon. Following these in reactivity were 
the sera of the himalayan bear, fur seal, and wolf. The reactions of the sera of the cat and 
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Fic. 2.—Curves obtained by plotting the turbidities developed in precipitin reactions 
with the sera of the giant panda, raccoon, and bears: A, Anti-panda; B, Anti-raccoon; C, 
Anti-polar bear; and D, Anti-black bear. 
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the fox were equal and slightly greater than that of the puma which exceeded the reactions 
of the sera of the hyaena and the civet. The antigen of the himalayan bear was retested 
and the results duplicated the previous test within 144 per cent, thus indicating that the 
difference between the sera of the himalayan bear and the other bears is not due to errors 
in testing. The anti-mustelid sera ranked the antigens as follows in decreasing order of 
correspondence: Mustelidae, Ursidae, Procyonidae, Otariidae and Canidae, Felidae, 
Hyaenidae and Viverridae. 

Anti-ursidae (Fig. 1C, 1D).—One antiserum was produced against the serum proteins 
of black bear, Euarctos americanus, and two antisera against the serum proteins of polar 
bear, Thalarctos maritimus. The serum of the black bear that was used in this study is 
believed to be faulty. Dr. Boyden informs us that the sample arrived at the Serological 
Museum “‘dark and with a heavy precipitate”’ and that it was cloudy even after being Seitz 
filtered. In our work the sample generally had abnormally high reactions in the region of 
high antigen concentration (Figs. 1C, 1D, 1K and 2). The anti-black bear serum was weak, 
giving good heterologous tests only with the proteins from other bears. The plotted tur- 
bidities show that the serum of the polar bear had a reaction with a peak turbidity exceed- 
ing the peak turbidity of the homologous reaction (Fig. 1D). This unusual serological reac- 
tion is a consequence of the partial denaturation and loss of reactive, proteins from the 
serum of the black bear, such that the corresponding proteins in the serum of the polar 
bear, even though qualitatively different, quantitatively react to form more precipitate. 
The sera of the fox, badger, wolf and seal had equal reactions with peak turbidities of five 
units while the serum of the raccoon had a peak turbidity of three units. The reactions of 
the sera of the cat, puma, hyaena and palm civet were very low and erratic, and could not 
be distinguished from one another. 

The antiserum against the serum proteins of polar bear was strong but relatively specific. 
The strongest heterologous reactions were obtained with the antigens of the black bear 
and the himalayan bear. The serum of the fur seal had the next greatest reaction and a 
peak turbidity exceeding those of the cross-reacting antigens of the bears. The reactions 
of the proteins of the raccoon and mink were equal and considerably less than the reaction 
of the serum of the fur seal. The reactions of the antigens of wolf, fox, and badger were 
only slightly less than those of the mink and raccoon. The lowest reactions were obtained 
with the antigens of cat, puma, hyaena and civet. A second antiserum to the proteins of 
the polar bear ranked the antigens of seal and mink equally, followed by the serum of the 
raccoon. The proteins of the wolf had a slightly lower reaction than the proteins of the 
raccoon. The serum of the fox had a reaction that was equalled by the sera of the cat and the 
puma and was slightly lower than the reaction of the serum of the wolf. The lowest reac- 
tion was obtained with the serum of the hyaena. The three anti-ursid sera ranked the anti- 
gens of the carnivores as follows in decreasing order of correspondence: Ursidae, Otariidae, 
Mustelidae and Procyonidae and Canidae, Felidae and Viverridae and Hyaenidae. 

Anti-viverridae (Fig. 11).—An insufficient quantity of the serum of the civet was avail- 
able to induce the formation of a strong antiserum. None of the heterologous tests gave the 
typical precipitin curve when the turbidities were plotted. The strongest cross reactions 
were obtained by using the antigens of the hyaena and the polar bear. Other sera had lower 
cross reactions but none of them were separable from one another. 

Anti-hyaenidae (Fig. 1L).—The strongest heterologous reactions were obtained by using 
the felid antigens. The antigen of the polar bear had a significantly higher reaction than 
did the antigens of wolf, raccoon, mink, seal and fox, all of which had nearly equal reactions. 
No serum of civet was available when this antiserum was tested, therefore it was not pos- 
sible to test the biochemical relationships of the Viverridae to the other Feloidea from the 
viewpoint of an anti-hyaena serum. The anti-hyaena serum ranked the antigens of the 
carnivores as follows in decreasing order of correspondence: Hyaenidae, Felidae, Ursidae, 
Procyonidae and Mustelidae and Canidae and Otariidae. 

Anti-felidae (Fig. 1G, 1H).—Antisera were produced against two species of felids. The 
antiserum against the serum proteins of the puma, Felis concolor, was weak. The proteins 
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of the cat had a high degree of correspondence with the homologous antigen. None of the 
other antigens had a strong reaction. The antigens of himalayan bear and civet had reac- 
tions in which the peak turbidity did not exceed three and one-half units. It is noteworthy, 
however, that the viverrid antigen had a stronger reaction than did the antigen of the 
hyaena. The antiserum against the serum proteins of the domestic cat, Felis catus, was 
powerful and distinctly bimodal. The strongest heterologous reaction was obtained by 
using the serum of the puma. Next in order of reactivity were the sera of the hyaena and 
the polar bear. The antigens of fur seal, mink and raccoon had nearly equal reactions which 
were lower than those of the antigens of the hyaena and the polar bear. The lowest reactions 
were obtained with the sera of the fox and the wolf. The anti-felid sera ranked the antigens 
of the carnivores as follows in decreasing order of correspondence: Felidae, Viverridae and 
Hyaenidae and Ursidae, Otariidae and Mustelidae and Procyonidae, Canidae. 

Anti-otariidae (Suborder Pinnipedia) (Fig. 1E).—An antiserum was produced against 
the serum proteins of the fur seal, Callorhinus ursinus. This was the only antigen available 
from the Suborder Pinnipedia. A powerful antiserum was obtained. The strongest heterol- 
ogous reaction was obtained with the serum of the polar bear, the only bear tested. Next in 
order of reactivity were the proteins of the mink, raccoon and wolf. The reactions of the 
puma and the cat were considerably less than the reactions of the sera of the wolf and the 
raccoon but stronger than the reaction of the serum of the hyaena. The serum of the fox 
had a reaction about equal to that of the serum of the hyaena. The significance of or reason 
for the low reaction for fox is not known. The anti-otariid serum ranked the antigens of the 
carnivores as follows in decreasing order of correspondence: Otariidae, Ursidae, Mustelidae 
and Procyonidae and Canidae, Felidae, Hyaenidae. 

In the Order Carnivora the Suborder Fissipedia is composed of two superfamilies, the 
Canoidea (Arctoidea) and the Feloidea (Aeluroidea) (Simpson, 1945). The Canoidea in- 
cludes the families Canidae, Ursidea, Procyonidae and Mustelidae; and the Feloidea 
includes the families Felidae, Viverridae, and Hyaenidae. The Mustelidae and Felidae are 
considered to be in isolated positions within their superfamilies. The Canoidea are thought 
to have been derived from equally old canid and mustelid ancestors. From the ancestral 
Canidae it is believed that the ancestral Ursidae and Procyonidae were derived. Within 
the Feloidea there are two lines also; one includes the family Felidae and the other the 
family Viverridae from which evolved the Hyaenidae. 

At present there are several theories for the origin of the Pinnipedia. Wortman (1902) 
favors the derivation of this group from Patriofelis or from the Oxyaenidae of the Suborder 
Creodonta. In contrast, Matthew (1909) believes the derivation of this suborder to be from 
the canoid (arctoid) Fissipedia. Weber (1904), on the basis of the similarities of certain 
structures in the soft anatomy, considers the Pinnipedia to be most nearly like the Ursidae 
among the carnivores. Kellogg (1922) concludes that we must look for the ancestral pinni- 
peds long before there were any true bears or wolves. 

On the basis of the serological data that were presented, the living carnivores can be 
divided into two major groups: 1) Ursidae, Mustelidae, Procyonidae, Canidae, and Ota- 
riidae (of the Suborder Pinnipedia) ; and 2) Felidae, Hyaenidae, and Viverridae. Each group 
could properly be given subordinal rank. 

The subordinal rank accorded the Pinnipedia is not justified by the serological results. 
The otariid proteins had relatively strong reactions with the antisera to the canoid antigens, 
particularly with the antisera against the ursid and canid species. The serological affinity 
of the Otariidae to the Ursidae and, to a lesser extent, to the other canoids is an indication 
of special relationship to this group as has been previously suggested by Weber (1904) 
on the basis of anatomical studies. 

The cross-reactivity of the ursid sera was relatively stronger and more general than the 
cross-reactivity of the sera from any other family. The ursid sera, moreover, had stronger 
cross reactions than the canid sera with antisera to the sera of species from the other canoid 
families. These facts are interpreted as evidence that the Ursidae are a relatively conserva- 
tive and undifferentiated line which has retained biochemical characteristics generally 
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representative of Carnivora; and, that the other groups have differentiated further from 
the general line. On such a basis, ursid serum proteins would be chemically more like the 
serum proteins of the ancestral canids than are the serum proteins of the present-day canids. 

According to the serological data, the Felidae are more closely related to the super- 
family Canoidea than are the Viverridae and Hyaenidae. The Viverridae and Hyaenidae 
are more closely related to each other than to the Felidae. The Viverridae are more closely 
related to the Felidae than are the Hyaenidae. 


RELATIONSHIP OF GIANT PANDA TO BEARS AND RACCOON 


The serological relationships are summarized in Table 3. The values are given in per 
cent with respect to the homologous test which is the 100 per cent reaction. The plotted 
turbidities are given in Figure 2. 

An examination of the plotted turbidities (Fig. 2) reveals certain irregularities in sero- 
logical behavior that are peculiar to the antigen of the black bear. It is believed that the 
values for reactions involving the antigen of the black bear are too low; however, the rela- 
tionships that are presented would not be changed appreciably with another serum. The 
four antisera that were tested clearly indicate that the giant panda belongs in the family 
Ursidae. Serum from the polar bear reacted strongly with the anti-panda serum; the faulty 
serum of the black bear reacted considerably less than that of the polar bear but signifi- 
cantly more than the serum from the raccoon. The serum of the giant panda had strong 
reactions with both of the anti-bear sera, while the reactions of the serum of the raccoon 
were much lower. The anti-raccoon serum was unable to differentiate the serum of the giant 
panda from those of the bears. 

Raven (1936) and Gregory (1936), on the basis of studies of the soft anatomy and the 
skull and dentition, concluded that the nearest living relative of the giant panda is the 
little panda and that their affinities are best expressed by placing both in a subfamily of 
the Procyonidae. Matthew and Granger (1923) believed that the systematic position of the 
giant panda was clearly in the family Ursidae with affinities to the Pliocene Agriotherium 
[= Hyaenarctos]. The systematic position of the giant panda has not been adequately 
resolved by morphological studies. 

This serological study was conducted to obtain an indication of the biochemical affinities 
of the giant panda with respect to the bears and the raccoon and thus aid the proper classi- 
fication of this peculiar animal. The results of this study definitely indicate that the giant 
panda belongs in the family Ursidae. 


INTERRELATIONSHIPS OF DOG, WOLF, AND COYOTE 


The serological techniques used in this study were modified from those in the preceding 
studies in order to obtain a differentiation among these three closely related species. Only 
a single series of injections of the antigens was given, so as to obtain antisera with high 
specificities (Wolfe and Dilks, 1946; Leone, 1952). A reaction-time of 30 minutes, which aids 
in the separation of antigens from closely allied species (Leone, 1950b), was used in the 


TABLE 3.—Relationship of giant panda to bears and raccoon 























Antigens 
Giant panda Petar bane _ | Black bear* Raccoon 
Anti-giant panda........ eoena teen 100 80 32 22 
Anti-polar bear 4 enxtanene’ 76 100 69 41 
Anti-black bear*.... a aaa tats 58 110 100 8 
PII «os oc sh 8Gaenatcenseounds 53 59 49 100 











J)ata to be compared are read horizontally. Values are per cent of reaction between 
antigens and antisera. *Faulty serum, see text. 
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TaBLeE 4.—Serological comparisons of dog, wolf, and coyote 











| Antigens 
Antisera 
Wolf | Dog | Coyote 
MIN. O55) cides a ace oe wae 100 84 74 
pO EEE EE OO EE ee ree 35 100 54 
MN 5's a9 se banat 66 91 100 





Data to be compared are read horizontally. 
Values are per cent of reaction between antigens and antisera. 


tests. In order to retain the significant species-specific characteristics of the proteins, 
‘Merthiolate’, instead of formalin, was added as a preservative to the sera of the dog, wolf, 
and coyote that were compared in this study. 

A summary of the serological relationships is given in Table 4. To our knowledge the 
coyote and the wolf that were compared in this study were full-blooded animals. The dog 
was a mongrel-beagle. The serological data indicate that the dog and coyote are more 
closely related to each other than either is to the wolf. The dog is slightly more similar to 
the wolf than is the coyote. 

The relationships of the domestic dogs to the wild canids has been a controversial matter. 
The general similarity in size and color of dogs and coyotes has led a number of observers 
to believe that these two species are of a common stock. Packard (1885) and others con- 
sidered the plains-indian dogs as merely tamed coyotes. Allen (1920), on the other hand, 
postulated a small species of wolf as the direct ancestor to the dogs. The remains of such a 
wolf have not been found. Matthew (1930) traces the dogs and wolves back to a common 
ancestor in Pleistocene times when wolves and coyotes were found essentially in their 
modern forms. 


SUMMARY 


Serological comparisons were made of serum proteins from species representa- 
tive of the seven families of fissipeds and one family of pinnipeds. The inter- 
family relationships, as determined by the comparative serological data given 
in this report, are given in the following tabulation. The reference family, on 
the left, is followed by the other families in order of decreasing relationship: 

Canidae — Ursidae & Otariidae — Mustelidae — Procyonidae — Felidae & 
Hyaenidae. 

Urisidae — Otariidae — Mustelidae, Procyonidae & Canidae — Felidae, 
Viverridae & Hyaenidae. 

Mustelidae — Ursidae — Procyonidae — Otariidae & Canidae — Felidae - 
Hyaenidae & Viverridae. 

Procyonidae — Ursidae & Mustelidae — Canidae & Otariidae — Felidae — 
Viverridae & Hyaenidae. 

Otariidae —> Ursidae —> Mustelidae, Procyonidae & Canidae — Felidae — 
Hyaenidae. 

Felidae — Viverridae, Hyaenidae & Ursidae — Otariidae, Mustelidae & 
Procyonidae — Canidae. 

Hyaenidae — Felidae — Ursidae — Procyonidae, Mustelidae, Canidae & 
Otariidae. 

The serological divergence between the canoid and feloid carnivores is suffi- 











22 JOURNAL OF MAMMALOGY Vol. 37, No. 1 


cient to justify making each group a Suborder. The classification of the Pinni- 
pedia as a separate Suborder is not justified on the basis of the serological data 
which places them within the Canoidea. 


The serological affinities of the giant panda are with the bears rather than 
with the raccoons. 


Dog and coyote are serologically more similar to each other than either is to 
the wolf. The dog is serologically slightly more similar to the wolf than is the 
coyote. 
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THE BURROW OF TAMIAS STRIATUS 
By JosepH A. PANUSKA AND NELSON J. WADE 


Little is known of the details of the burrowing habits of the eastern chip- 
munk, 7'amias striatus (Linnaeus). In the hope of clarifying certain particulars 
of the burrow system, studies were begun in the summer of 1952 at Waupaca, 
Wisconsin, and continued during the summers of 1953 and 1954 at the same 
site. During the winters of those years observations were made with captive 
animals in the laboratories of Saint Louis University. 

The natural burrows described herein were all excavated during July or early 
August, and artificial “burrow-boxes” were employed throughout the year. The 
animal whose burrows were studied is very closely related to Tamias striatus 
griseus Mearns, the largest of the subspecies of the eastern chipmunk. Since 
Waupaca seems to be an area where there is apparent intergradation between 
T. s. griseus and T’. s. lysteri (Richardson), it is probably best to avoid subspecific 
designation (Burt, 1954). 

The authors are sincerely grateful to Doctor X. J. Musacchia who offered 
much assistance, and to Messrs. John Baggarly, John Becker, George Brown, 
and Ronald Zinkle, who generously aided in the excavations. The Wisconsin 
Conservation Commission kindly approved the research plans. We also thank 
the Biochemistry Department of Saint Louis University for the use of some of 
its facilities. 

As early as 1748 Peter Kalm said that chipmunk burrows “go deep and com- 
monly further inwards divide into many branches.” He referred to “Sciurus 
striatus” (= Tamias striatus) which he found in Pennsylvania. Audubon and 
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Bachman (1849) described three holes leading to a chamber, and noted that the 
hole descends “almost perpendicularly for about three feet.” J. G. Wood (1892) 
noted the complexity of the burrow, repeated the notion of a nearly perpendicular 
descent of three feet, and added that the system is always under some shelter. 
In 1929 Howell very briefly summarized what was known at that time. 

Allen (1938) gave us the first detailed, cumulative life history study of the 
eastern chipmunk since Seton’s work (1909). In this paper she described a simple 
burrow that extended twenty-nine inches below the surface. This burrow had 
two entrances, one of which was filled with debris, but it was not claimed that 
this is typical. Allen and others referred to abundant food storage within the 
burrow chambers and to the presence of large leafy nests. 


METHODS 


All excavations were made at Waupaca on a peninsula that is surrounded by 
several small lakes. The peninsula is virtually uninhabited except during the 
summer months. All burrows were either under the cover of the forest or just 
at its edge. It is presumed that until the present investigation the chipmunks 
had not been disturbed by man. Although the usual natural predators are known 
to be in the vicinity, a household cat was the only form seen to attack these 
chipmunks. 

Granite rock infiltrates the sandy soil (Merrimac Sandy Loam) in varying 
amounts and four to five inches of topsoil cover the sand. The average January 
temperature of this central Wisconsin area is 15.0°F. The average July tempera- 
ture is 71.2°F. According to estimates taken from the UNITED STATES WEATHER 
BUREAU BULLETIN (1945) the annual frost penetration for the Waupaca county 
area is usually between forty and fifty inches. There have been no soil tempera- 
ture investigations conducted during the winter at the precise location of the 
present study. 

The burrows selected for study were either directly observed to house chip- 
munks, or else chipmunks were trapped in the immediate vicinity of the entrance. 
An area surrounding the burrow entrance for a radius of about ten feet was 
first cleared of leaves and twigs and then all other entrances were plugged with 
cloth. This radius was expanded according to the demands of the procedure. 
Small hand trowels were normally used in place of larger instruments unless it 
was simply a case of removing some clearly undisturbed sand. During the ex- 
cavation of a system there were constant anticipatory probings—by hand when 
possible—in order to determine the direction and nature of the system. When a 
chamber was discovered, dimensions were measured and a cloth was placed over 
the floor before the sides were removed. By following this procedure it is hoped 
that errors have been kept at a minimum. Photographs were taken and diagrams 
were made as the work advanced. 

As has already been suggested, artificial “burrow-boxes” were also employed. 
These were rectangular boxes about five feet long, one foot wide, and four feet 
deep; they were partially filled with tightly packed soil. In one case the sides 
were made of glass and then darkened temporarily, so that it would be possible 
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later to make observations within the burrow. Whether the sides were con- 
structed of glass or wood, the captive animals tended to burrow along the sides 
so that longitudinal sections of the systems could be seen after the box was 
dismantled. The tops of these burrow-boxes were covered with wire mesh; thus 
the animals were exposed to the typical vicissitudes of the weather. 


OBSERVATIONS 

For the sake of clarity of treatment, chipmunk burrows are readily differenti- 
ated into two types: simple systems, often consisting merely of a tunnel with a 
slightly widened terminal end, or of two tunnels leading into the one small 
chamber; and extensive systems, consisting of a more complex plan of tunnels 
with one or more large living or storage chambers (more than five inches in 
diameter and typically ten inches or over). Of the thirty burrows investigated, 
twenty-one were simple systems and nine were extensive systems. 

The simple systems bear marks of much use because of the quantity of black 
topsoil tracked into them. They usually do not descend to a sufficient depth to 
afford any real protection from severe weather. Environmental studies in the 
Saint Louis University laboratories indicate that the chipmunk probably would 
not survive long at the sub-zero soil temperatures at shallow depths during the 
Wisconsin winter. Also space seems lacking for ample food storage. These fac- 
tors will be considered in a later paper concerning hibernation research now in 
progress. 

The notion that these small systems are used for temporary food storage was 
not supported by our excavations. Only twice, and in very small amounts, was 
any fresh food found in a simple burrow. They possibly serve as ‘“hide-a-ways”’ 
for animals that normally occupy extensive systems, or perhaps first season 
animals use these during the summer. The function of the simple system is still 
conjectural. 

An extensive system can prove to be a real challenge to the investigator bent 
on unearthing it. One system extended twenty-nine feet, excluding the many side 
passages, and frequently utilized tree roots and rock formations. This particular 
system reached a final depth of thirty-four inches (Pl. 1). In two cases tree roots 
formed pillars directly in the center of large chambers. Roots and rocks often 
served as sides or roofs of burrows or chambers. It is interesting to note that 
only small stones or roots, and never large ones, were found in the floors of any 
part of a system. The chipmunk apparently prefers to deviate sharply from its 
direction of digging by going under or around these obstructions rather than 
risk coming close to the surface by going over them. 

Digging in Waupaca’s sandy soil should be relatively easy for the chipmunk; 
such is not the case where a clay formation has been packed tightly with fine 
stones. In the several cases observed where a burrow led into this difficult clay, 
the burrow ended quickly. 

Several “sealed-off” work-holes were found (Pl. 1). The small piles of sand 
near them have been described by Allen. It might be added, however, that such 
work-holes were not consistently discovered. No simple system was found with 
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PLATE I 
Tor: Clay model of a system that extended twenty-nine feet. Note the many chambers 
and side passageways. The long tunnel on the right led to the only open exit. The left 
tunnel was closed a few inches from the surface. Borrom Lert: A “‘sealed-off’’ work-hole 
The white tape passes up through the plugged burrow. Much of the plugged area has been 
removed. A small chamber appears on the left. Borrom Ricur: Flash photo of the chamber 
that is depicted in Figure 1. Lime has been added to heighten contrast 


a sealed-off work-hole; several extensive systems also did not present them. In 
the latter case there is the possibility that they were overlooked. 

With regard to the chipmunk’s method of excavation, the following was noted. 
One and one-half inch longitudinal furrows made on the floor, roof, and walls 
of a burrow dug in fairly moist clay (burrow-box) indicate a scratching tech- 
nique. However the roof of a large chamber (natural system in sand) clearly 
showed small pockets which could be explained on the basis of a biting technique. 

There is some suggestion of sexual differences in relation to burrowing habits. 
In the burrow-boxes, two females failed to burrow despite adverse weather. Two 
males, on the contrary, dug simple systems. In one instance, where a male and 
a female occupied the same burrow-box, the male dug a burrow and consistently 
kept the female out of it; the female failed to dig at all. 

Several observations have been offered in the past to describe the transport of 
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soil from within the tunnel system to the outside. These observations include 
pushing, backward-kicking, and cheek-pouch techniques. We have little to add 
to published accounts except that the first two observations have both been 
noted in the soil manipulations within burrow systems, and that the cheek- 
pouch technique of carrying soil is supported only by indirect evidence. This 
indirect evidence was the presence on the surface of a burrow-box of pellets of 
soil that apparently would have been broken by any portage method other than 
a cheek-pouch one. 

Concerning the pushing technique it can be suggested that an ascending work- 
hole in sandy soil would present a great obstacle to the animal. Our observa- 
tions did not reveal any uniformity in the position of the work-hole. It appears 
probable that a combination of all three methods is sometimes used. 

An extensive system has at least one large chamber (i.e., larger than the usual 
five inch terminal portion of a simple system) and might have more. Present 
excavations indicate that three chambers are usual, but sometimes as many as 
four or five large chambers and eight smaller ones are present. There are also 
many side pockets or “galleries’’ that could be utilized for food storage. An ide: 
of the complexity of such a system can best be obtained by studying Plate I. 
We use the terms “pocket” and “blind tunnel” interchangeably and do not 
wish to infer that terminal side passageways are designedly one or the other. 

Certain generalizations can be made about the construction of the extensive 
system. The initial descent is usually much closer to 45° than it is to a perpen- 
dicular described by some authors. When there are several large chambers, they 
are usually within easy access of each other. These chambers are often oval in 
shape, but are modified by the nature of the surrounding soil. Larger chambers 
have been found up to twenty-four inches long. More often they are between 
ten and fourteen inches long, slightly less in width, and from five to six inches 
high. Such chambers are on the lower levels of the system but are usually on 
different levels with respect to each other. Side pockets, or blind tunnels, may 
lead from the chambers or from burrows nearby. Every large chamber was 
found to have at least two entrances; most had more than two. Note the chamber 
in Figure 1. 

The burrows immediately surrounding the chambers are regularly of larger 
diameter than the portions of the burrow near the external surface of the system. 
A one and one-half or two inch burrow is normal at the entrance and in certain 
underground passageways, while the burrows surrounding the chambers are 
three or four inches in diameter. 

The depths of simple systems ranged from twelve to thirty inches, and the 
shallower depths were more common. Extensive systems always descended to 
at least twenty inches and the floors of large chambers were regularly from 
twenty-four to thirty-four inches beneath the surface. Considering the previously 
mentioned report on frost penetration it appears that the chipmunk’s burrow 
system does not penetrate beneath the frost line. However from laboratory 
studies it is equally apparent that one animal alone, if not hibernating, can 
raise the temperature of a winter chamber about 10°C. This depends to a con- 
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siderable extent on the size of the chamber, availability of food, and the presence 
of proper insulating materials in the form of leaves or the like. If more than one 
chipmunk occupies a winter nest, the temperature modification becomes even 
greater. This was verified in our laboratory. It should be noted that conclusive 
evidence concerning burrow occupancy has not yet been published. 

Burrow entrances.—These often occur in completely hidden positions but 
sometimes are found in very open places. Certainly no generalization is per- 
missible. Partiality to rocks, old tree stumps, or any other obstruction is common. 
One series of entrances was discovered just fifteen inches above the water line 
on the almost perpendicular bank of a lake. 

The entrance is usually funnel-shaped, with an opening diameter of two or 
two and one-half inches narrowing quickly to one and one-half or two inches. 
These entrances rarely go straight down for more than six inches, although they 
might slope sharply, at a 45° angle, until they are thirty inches below the sur- 
face. Even when entering a hillside, it is normal for a burrow to descend. 

Simple systems sometimes have two entrances that are close to each other, 
but usually have only one. Present excavations indicate that extensive systems 
do not always have more than one free entrance. Sometimes what might appear 
to be an extra entrance to an extensive system proves to be merely an entrance 
to a simple system placed in the vicinity of the extensive system. On the other 
hand, one extensive system had as many as five entrances, all leading to a single 
burrow that led to the large chambers. 

Nest.—There was only one large leafy nest found within the chambers investi- 
gated. The chamber containing the nest was larger than any noted in previous 
literature. (Fig. 1; Pl. I, Bottom right). The chamber was oval in shape, extend- 
ing twenty-four inches along its major axis and seventeen inches along its minor 
axis. There were two circular three-inch depressions in the floor. The height of 
the chamber, from the bottom of the depressions to the roof, was eleven inches. 
The nest itself had a diameter of fifteen inches and a height of about seven inches. 
This last point was difficult to establish because of the pressure exerted by some 
falling sand. At any rate, it appeared that the nest did not fill the entire chamber. 
Four burrows led from the chamber. One of these was plugged with acorn shells, 
decayed food and leaves, and sand. Samples of the contents were taken and 
carefully examined, but the presence of feces was not indicated. 

It is interesting to note that many of the leaves that were used in the construc- 
tion of this large nest had been chewed into small bits. This fact was again ob- 
served in the case of a previously prepared nest that was provided for an animal. 
The leaves of this artificial nest were intact when placed in the chamber, but 
they were chewed into irregular half-inch pieces by the time the nest was dis- 
turbed five weeks afterwards. Within a limited space, layers of small pieces of 
leaves probably afford greater insulation than similar layers of whole leaves. 

Many chambers without nests were found, the floors of which were covered 
with a small carpet of leaves, usually chewed into pieces. One small chamber of 
a burrow-box system was stuffed with leaves by the occupant, but this was not 
found repeated in the small chambers uncovered in the wild. 
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Food supply.—A dearth of food in the burrows and chambers was observed. 
The presence of small grains mixed with the sand of the floors of both chambers 
and side pockets was evidence of previous storage. Simple systems contained 
some food debris, as did sections of the larger systems, but no sizable storage 
was found. The season of the year explains the situation found in the larger 
chambers. 

Lyman (1954) relates food storing habits to hibernating habits. Previous 
reports on the hibernating habits of the chipmunk are somewhat confusing, but 
from these reports and from our own laboratory studies, it seems clear that the 
chipmunk is more like the hamster than the ground squirrel in its hibernating 
habits. Hence, following Lyman, winter food storage is to be expected; and 
according to previous reports, it certainly occurs. 

Sanitation.—Accumulated droppings were not found in natural burrows. Pre- 
viously reported special chambers for feces (Cahalane, 1947) were not found. 
It would have been difficult to overlook them with the excavating procedure 
used. 

The absence of feces within the systems studied can possibly be linked with 
an observation made in the laboratory where captive chipmunks, once they had 
settled down, regularly defecated immediately by the water supply. Since the 
natural water supply is outside of the burrow, it appears possible that the 
animal defecates outside of the system. The winter confinement, even if it is 
relatively brief, offers an objection to this idea. However even when two ani- 
mals lived in a burrow that had been built within a refrigerator (air tempera- 
ture 1-2°C) the idea was verified. Droppings were found on the surface, usually 
near the water supply; none were present within the system. Although some- 
what surprising in view of past descriptions, the consistency of these particular 
observations seems to warrant attention. 


SUMMARY 


A study of thirty burrow systems of the eastern chipmunk, Tamas striatus, 
was made at Waupaca, Wisconsin during three summers as a part of a more 
extensive investigation of certain aspects of the life history of this animal. Bur- 
rows both in nature and in burrow-boxes are described. Chipmunk burrow 
systems were differentiated into two basic types, simple systems and extensive 
systems. Descriptions of these are presented. 

The investigations revealed a scarcity of leafy nests and food storage in the 
summer, an absence of accumulated feces within the system, some extensive 
systems with only one entrance, and a distinct preference on the part of the 
chipmunk to dig under or around (rather than over) large rocks or tree roots. 
There was considerable variation in the diameter of the burrows located on 
different levels of a single system. An unusually large nesting chamber, twenty- 
four inches by seventeen inches, is described. 
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HIBERNATION OF THE BIG BROWN BAT 
By James R. Beer AND A. GLENN RICHARDS 


Relatively few of the some 1300 species of bats live in the temperate regions 
of the world. Many of the species found in this northern region live through the 
winter by hibernating. But hibernating bats, in contrast to other hibernating 
mammals such as the hedgehog and ground squirrels, are essentially poikilo- 
thermous (Kayser, 1940). Their metabolism is proportional to their body tem- 
perature, and in the inactive state they show no evidence of a thermoregulatory 
mechanism (Hock, 1951). Hence in bats there appears to be no real distinction 
between sleep and hibernation. The state of hibernation for bats can be defined, 
then, only as a relatively long period or series of periods when the animals are 
subjected to low environmental temperatures, become inactive, and have a very 
low metabolic rate correlated with a low body temperature. 

There is some disagreement in the literature as to the requirements for suc- 
cessful hibernation in bats. Rysgaard (1942), for instance, felt that in the more 
northern areas it was necessary for bats to carry out a limited amount of feed- 
ing during hibernation, while Bailey (1928) was of the opinion that bats not 
only do not feed but that they remain motionless during the entire period. Ob- 
servations by Guthrie (1933) and others agree with our observation that bats 
move periodically during hibernation, as demonstrated by the subsequent loca- 
tions found occupied by banded specimens (Beer, 1955). However, activity dur- 
ing winter months does not necessarily imply that the active bats are able to 
find food during a Minnesota winter (in some of the caves they could obtain 
water to drink). This suggestion that activity does not necessarily imply feeding 
is supported by the fact that we have held big brown bats in the cold (4-5°C) 
in laboratory cages from the middle of November after they had been in hiberna- 
tion for a short time until the first of May. These individuals showed no apparent 
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weakness or other ill effect from the prolonged period of known fasting. Clearly, 
it is not necessary for the big brown bat to feed during a hibernation period of 
about six months at 5°C. 

The present study deals with the seasonal weight changes in the big brown 
bat (Eptesicus fuscus Beauvois) and the environmental conditions that are 
associated with hibernation in this species. Between the fall of 1949 and the 
spring of 1955 a series of winter weights was taken, a number of bats were killed 
and analyzed for fat and water content, and a series of measurements of environ- 
mental conditions was taken in the hibernacula. To these data have been added 
summer weights from big brown bats taken in Maryland and Pennsylvania. 
These data were supplied by J. J. Christian (1953) of the Naval Medical Research 
Institute and by J. K. Doutt of the Carnegie Museum. Part of these weights 
were from material gathered by the Pennsylvania Mammal Survey conducted 
by the Pittman-Robertson Division of the Pennsylvania Game Commission. 
Some unpublished data on the analysis of fat from 157 male big brown bats 
were supplied by R. T. Holman and J. R. Chipault of the Hormel Institute for 
comparison with our own data. This contribution is Journal Paper No. 3346, 
Scientific Journal Series, Minnesota Agricultural Experiment Station, St. Paul, 
Minnesota. 


This study was partially supported by a Grant-in-Aid from the Sigma Xi 
Research Fund. 


THE PHYSICAL ENVIRONMENT 


The caves in which we studied the big brown bats during winter are man-made tunnels 
driven into the St. Peter Sandstone cliffs along the Mississippi River in the vicinity of St. 
Paul, Minnesota. These drifts vary from very short tunnels in which light reaches nearly 
all parts to a complicated maze totaling nearly two miles in length. The tunnels are from 
eight to 30 feet in height and vary considerably in width (Pi. I). The entrances are normally 
slightly smaller than the interior. The walls of the interior are quite smooth and lack cracks 
and crevices in which the bats might find added protection. Banding operations and sur- 
vival data obtained from this work (Beer, 1955) shows that these caves furnish adequate 
conditions for successful hibernation. 

The climate in the vicinity of St. Paul, Minnesota is continental in type with wide varia- 
tion in temperatures. Temperatures as low as —41°F have been recorded. The first killing 
frost of the fall normally comes about the 10th of October and the last killing frost in the 
spring on about April 23 (CLIMATE AND MAN, 1941). This would give an average frost period 
of about 195 days which is more than half of the year. The exact effect the first and iast 
killing frosts have on the availability of the insects normally used for food by these bats 
is not known, it is probable that the general availability of food is low after the coming of 
the first frost and until after the last killing frost in the spring, and effectively nil during 
mid-winter. Cave conditions are less severe in the winter, but we saw no evidence for sig- 
nificant amounts of potential bat food in the caves studied. 

Weather station data give an idea as to the type of conditions that an animal may have 
to escape but tell little about the conditions that directly affect the animal due to its avoid- 
ing reaction or ability to modify its immediate environment. In the big brown bat the avoid- 
ing reaction is of primary importance since it is known that bats cannot tolerate tempera- 
tures much below freezing. 

A series of observations were taken on temperature and humidity within two inches 
of the hibernating bats (Table 1). These environmental factors were considered to be the 
ones most likely to have a bearing on the site chosen as a hibernaculum, and thus have a 
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PLATE I 
A typical portion of one of the more complex sandstone caves. Cracks and crevices in 
which the bats could hide are almost entirely lacking. 


TasLe 1—Temperature, relative humidity and vapor pressure deficit in the immediate 
vicinily of hibernating Eptesicus fuscus in Sandstone Caves at St. Paul, 
VW innesota* 


Number Temperature in dias Vapor pressure deficit 

of ob Fahrenheit Relative humidity in inches 

seTrva 

tions | Ave.| Max.| Min | s | Ave. | Max. | Min s Ave. | Max. | Min s 
Single oc" 417 13.1 5S 2.0 0.95 77.6 100.0 43.0 12.90 0.059 0.164 0.000 0.036 
Single 2 § 8) 1.5 53 32.0 O.86 St.4 100.0 61.0 8.60 0.048 0.150 0.000 0.026 
Clusters 1 0.4 500 80.5) «1.83) 76.8) = 90.0) 88.0) 14.54 0.063 0.223 0.020 0.057 
Combined dat 1 12.1 5S 30.5 0.81 78.9 100.0 38.0 11.61 0.055 0.223 0.000 0.036 


* These data were taken at various times between November | and April 7, during the winters of 1950-51 and 
1951 52. There was no indication of change in the climatic conditions associated with the hibernating bats as the 


winters progressed 


direct bearing on winter survival. The temperature readings were taken with a mercury 
thermometer graduated to 0.5°. The humidity readings were taken with an Aminco-Dun 
more Electric Hygrometer. Temperatures in the caves were measured at various times 
during hibernation and were found to be so nearly constant from November to April that 
the values probably are close approximations to the temperatures experienced by the bats 
throughout the period of hibernation 

The temperature conditions under which the big brown bats were found to hibernate 
varied between 30.5°F and 58.0°F, with an average of 42.1°F = 5.6°C (Table 1). The bulk 
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of the temperature readings were grouped very closely about the average. These figures 
agree very well with Eisentraut’s (1937) observation that deep winter sleep is normally 
found in European species of bats that hibernate when the temperatures in the hibernacula 
are between 0°C and 10°C. 

The relative humidity readings varied from 100 to 38 per cent with an average of 78.9 per 
cent and a standard deviation of 11.6. This wide variation suggests that there is little selec 
tion in relation to relative humidity as such. 

Vapor pressure deficits, which give an index to evaporation rate, were calculated from 
the vapor pressure at saturation at each temperature and the relative humidity (Marvin, 
1941). Here the variation is fairly small with an average deficit of 0.055 inches and a standard 
deviation of 0.035 inches. 

Determinations of rate of air movements were made with a Type 8500 Alnor Thermo 
anemometer, but even though the instrument was held close to the pendant bats it is not 
possible to determine the actual air movement immediately adjacent to the bat. The read 
ings obtained varied from practically nil, for bats in drill holes, to 1100 feet per minute for 
bats hanging singly on the wall of a tunnel that was open at both ends. (The humidity 
readings given in the preceding paragraphs were taken at places where air movement near 
the bats varied from zero to 140 feet per minute.) Air movements have large effects on 
evaporation rates from exposed water surfaces but we have no data for evaluating their 
effect on evaporation rates from inactive, pendant bats. Most of the bats were observed 
hibernating in areas where the air was quiet or the movement was moderate. However, 
some were found in very drafty sites. 

Measurements on light intensity in the caves were not made. Most of the hibernating 
big brown bats were found in portions of the caves where there was little or no light. How 
ever, when the temperatures at the mouth of the cave were above freezing, it was not un 
common to find a few bats hanging in such a position that they could be seen without the 
use of a light 
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The physical data taken from the caves suggest that air movement, relative humidity 
and saturation deficits have little if any effect upon the selection of the sites for hiberna- 
tion. Light, until it becomes quite bright likewise has a very limited part to play in the 
selection of the hibernacula. Site selection seems to be controlled by temperature with 
most of the individuals of this species hibernating in sites where the temperature is ap- 
proximately 42°F (5.6°C). 

General observations suggested that single males, single females, and clusters chose 
slightly different situations in which to winter. In order to test this hypothesis the data 
were tabulated separately (Table 1). An examination of these figures shows slight differ- 
ences in the averages but when the “‘t’’ test was applied none were found to be significantly 
different at the 95 per cent level. 


SEASONAL WEIGHT CHANGES 


The quantity of summer data supplied by Christian and Doutt does not lend itself to 
as detailed an examination as do our winter data. However the summer data do suggest 
that the rate of weight gain is fairly continuous throughout the summer rather than the fat 
being put on during a relatively short period in the fall as in some birds when they are 


TABLE 2.—Seasonal weights of adult big brown bats* 

















| ao | 99 
oo Cn) a |) 
| “7° | Ave. | Max. | Min, | s | “*° | Ave. | Max. | Min. | 5 

Apr. 16-30....... 1 12.8 
May 1-15....... 3 12.5 13.0 11.5 0.79 3 16.2 18.5 14.0 2.20 
a | eee 1 13.0 10f 20.4 23.0 17.0 2.02 
June 1-15....... 5 13.3 15.5 11.5 1.47 9 16.6 22.5 17.0 3.02 

wa ee 5 15.1 21.0 12.5 3.42 7 17.6 20.0 16.0 1.75 
July 1-15....... 2 16.0 17.0 15.0 10 17.0 19.8 14.5 1.36 

© SS ckns 8 14.4 16.0 12.5 1.29 8 19.4 28.0 14.0 4.03 
Aug. 1-15....... ll 15.3 21.0 13.5 2.11 7 16.1 18.0 14.5 1.46 

wa ll oe 14 16.2 20.0 14.0 1.94 18 18.1 22.5 14.0 2.16 
Sept. 1-15....... 1 22.0 

— es 2 19.9 20.0 18.9 
Oct. 1-15....... 6 18.6 21.5 16.0 2.04 5 20.9 23.0 18.0 1.84 

a haere 11 21.6 23.7 19.4 1.58 16 22.3 24.7 19.1 1.30 
a ee 273 19.1 26.4 13.4 2.20 199 20.9 28.8 14.9 2.54 

a . wTeere 390 18.7 24.0 13.5 1.76 176 «20.1 25.4 15.6 1.89 
Se ” aor 456 18.5 24.1 12.9 1.78 230 19.9 26.2 13.4 2.32 

a ee 371 17.1 21.9 10.2 1.72 147 19.0 28.6 14.3 0.96 
a | ee 

— 459 16.6 28.6 11.4 1.51 205 18.7 26.3 13.9 2.06 
a | ee 50 «616.3 20.3 13.8 1.52 21 17.7 20.9 14.4 1.93 

—_ aa 114 «16.1 19.8 12.0 1.48 37 «617.4 22.2 14.0 1.78 
SS) oes 45 15.3 

—— ae 14 14.6 17.8 10.4 2.13 7 16.5 19.3 11.6 2.45 
Ape. 1-16....... 7 14.4 18.0 11.6 1.22 25 16.6 20.0 12.5 1.97 

2308 1141 





* Weights for the period from April 15 to October 15 were from bats taken in Maryland 
and Pennsylvania; those from October 15 to April 15 were from bats hibernating in the 
vicinity of St. Paul, Minnesota during the winters of 1949-50 and 1950-51. 

t Parous or pregnant. 
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Fic. 2.—Seasonal variation in weight of Eptesicus fuscus by sex. The data from April 15 
to October 15 are from data supplied by J. J. Christian and J. K. Doutt and those from 
October 15 to April 15 are from the present study. 


preparing to migrate (Wolfson, 1945). The rate of gain appears to be slightly more rapid in 
males than females and may possibly be correlated with the fact that most of the females 
bear and raise young. There is a dramatic weight increase in the females during the latter 
part of May and early part of June due to pregnancy. 

The data for winter weight changes are most voluminous, being based on 2184 male 
and 1038 female bats weighed at various times during hibernation in the vicinity of St. Paul, 
Minnesota. Figure 1 presents graphically the characteristics of the normal weight loss 
during hibernation. This figure shows the regression of weight on time for the two sexes. 
The points on this figure show considerable deviation from the calculated regression lines. 
We interpret this as due to individual size variation between samples since these points 
represent different samples, not successive weighings of a single large group of bats. Since 
the temperature and other physical conditions in the caves remain nearly constant, the 
scatter cannot be due to temperature effects on metabolic rate. The regression lines show 
that there is a difference in the weights of the two sexes with the females being, on the 
average, heavier than the males. The females enter hibernation at about 21.5 grams and 
the males at about 20.6 grams. Weight is then lost at a reasonably constant rate during the 
period of hibernation. The regression of weight in grams on time in days is 0.0300x for the 
females and 0.0385x for the males. Thus the males start at a slightly lighter weight and then 
lose weight at a greater rate than do the females. If the male and female bats enter hiberna- 
tion weighing about 20.6 grams and 21.5 grams respectively and leave the hibernaculum 
about 180 days later, and if we assume that weight loss remains adequately linear with 
time, then these bats would average about 13.7 grams and 16.1 grams respectively when 
they emerge from hibernation. 

Figure 2 combines the summer data from Maryland and Pennsylvania with the winter 
data from Minnesota. It is unfortunate that these data are from separate areas and popula- 
tions but they are probably fairly close to being typical for the northern areas of this bat’s 
range, since the two halves of the curve come very close to joining at both ends. 





a @G &Aa oe a Of et 


a hb eh ath CC oe Bk 


i i ial ee en ne a. a 





Feb., 1966 BEER AND RICHARDS—BAT HIBERNATION 37 


FAT AND WATER CHANGES 


A series of four collections of bats was taken at intervals through the period of hiberna- 
tion (Table 3). The bats were brought into the laboratory and chloroformed. After being 
weighed they were placed in a desiccation chamber at 100-125 mm. Hg. pressure and at 
room temperature. The carcasses were held in this chamber until successive daily weighings 
gave identical weights. These bats were then treated in a soxhlet apparatus with a mixture 
of 95 per cent absolute ether and 5 per cent absolute ethyl alcohol for four hours or more 
at 70°C to extract the fats. The solvents were driven off on a steam table, and the fat 
weighed and then stored in a deep freezer until used for further analyses. 

The water content and the non-fat dry residues of the bats did not change significantly 
during hibernation. The average weight of water ranged from 8.8 to 10.5 grams per bat; 
and the average weight of non-fat dry residue from 4.5 to 5.5 grams per bat. But even this 
range represents primarily size variation between small samples because the percentage of 
water expressed as per cent of the non-fat weight remained amazingly constant, varying 
only from 65 to 68 per cent. Since fat is being consumed steadily, the percentage of water 
relative to total live weight, of course, rises; it rises from 47 to 61 per cent of the total 
weight during this period of 152 days. 

Fats in the samples collected earliest in the fall accounted for slightly less than 30 per 
cent of the live weight of the bats. But these specimens were not collected until November 7 
and 11 when they had already been in hibernation for some time. Presumably the total fat 
content at the time of entering hibernation will be slightly over 30 per cent of the live 
weight, probably closer to one-third of the total live weight. Whatever the precise per- 
centage may be at the start of hibernation, the percentage falls steadily throughout the 
hibernation period to reach a low of about 10 per cent in early April near the end of hiberna- 
tion. This represents a loss of about 70 per cent of the fat present in mid-November, but the 
per cent loss during hibernation in 1951-52 must have been considerably higher because 
some fat would have been consumed prior to collection of the first sample and more fat 
would be consumed prior to leaving hibernation. A larger sample (67 male big brown bats) 
collected for Holman and Chipault on March 28, 1953, gave a fat value of about 8.5 per cent 
of the live weight. This represents a loss of about 80 per cent of the fat present in the mid- 
November sample. 

Plotting the data of Table 3 shows a linear decrease of fat for the three female samples 
but some deviation from linearity for the male samples. It seems likely that this deviation 
is a sampling error, because plotting values for larger samples of males collected for Hol- 
man and Chipault during the winter of 1952-53 showed an essentially linear decrease in 
fat content with time. Calculating from the data in Table 3, and assuming linearity in fat 
decrease with time, we obtain losses of 36 mg. of fat per male bat a day for the first 85 days 


TABLE 3.—Fat and water changes in big brown bats collected during the winter of 1951-52 
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| } | Water Fat | Residue 
No. of | Ave. <<< | —___- - — nici 
Date , Sex | live 7 | 
bats % of | % of % of | Iodine Melting poi | % of 
| | | wt | Gal fata] at | Mee | Metinegoint | Ft 
Nov. 7-10........ 9 fot 19.2 47 66 28 99 —9 to —22 25 
a eee 6 9 21.8 48 68 29 23 
i Sees: 5 rot 17.5 651 66 21 104 —8 to —18 27 
a, ae 5 9 20.6 51 65 23 26 
i re 5 roi 16.5 58 67 14 108 —6 to —19 28 
- 5 9 16.9 55 67 17 108 —8 to —18 27 
PE Wosis ven beds 5 rou 15.7 61 68 10 105 —10 to —18 29 








Mixed Sample.... 40 105 —9 to —24 














38 JOURNAL OF MAMMALOGY Vol. 87, No 1 


but only 25 mg. per male bat for the 152 day period, and 42 mg. fat per female bat a day 
for the 85 day period. The higher values are probably too high because they give plots 
extrapolating to zero fat before the end of the known hibernation period. The larger samples 
analyzed by Holman and Chipault give a nearly linear plot against time and a calculated 
loss of about 30 mg. fat per male bat a day. If we assume, as suggested by data in Table 
3, that all the weight loss shown in the curves in Figure 1 represents fat loss, then these 
larger numbers show weight losses averaging 38 mg. per day for the male and 30 mg. per 
day for the female big brown bats. 

The utilization of 30 mg. of fat requires approximately 12 ml. of oxygen and would yield 
approximately 0.3 kilo-calories (= dietician’s calories) of energy. Utilization of 38 mg. of 
fat requires about 15 ml. of oxygen and yields about 0.4 kilocalories of energy. These cal- 
culated values for oxygen consumption equal 0.025-0.03 ml. oxygen per gram of initial 
hibernation weight per hour at 5.6°C. They are of the same order of magnitude as the 
measured oxygen consumption rate of 0.03 ml. oxygen per gram per hour (at 2°C) recorded 
by Hock (1951) for the little brown bat (Myotis lucifugus). Comparison beyond order of 
magnitude is not possible; although the temperature difference implies a higher metabolic 
rate in Myotis this could be fully compensated for by uncertainty about the amount of 
stored fat in Hock’s specimens. 

The extracted fats showed several interesting properties. They have very low melting 
ranges: —6 to —24°C. Accordingly they would be expected to remain fluid at all viable 
temperatures. Also, these fats give relatively high iodine numbers: 99 to 108 in our approxi- 
mate determinations, 102.4 to 103.2 in the more precise determinations made by Holman 
and Chipault. The high iodine values are consistent with the determinations by Holman 
and Chipault that these fats contain 83 to 87 per cent unsaturated fatty acids and only 
13 to 17 per cent saturated fatty acids. To judge from Hilditch’s (1947) treatment, these 
values are what might be expected for a wild animal living on an insect diet{Of more bio- 
logical interest than the actual numerical values is the fact that neither our data nor that 
of Holman and Chipault show any significant changes in melting points, iodine values, 
saponification equivalents or refractive indices during hibernation) Therefore, there is no 
evidence of selective or preferential utilization of one fat (triglyceride) over another. 
However, the analyses by Holman and Chipault do show an almost complete disappearance 
of the unsaponifiable portion of the lipid extract (initially about 12 per cent of the fat). 
There is also an obvious color change; fats extracted from bats early in the hibernation 
period are a clear yellow while fats extracted from bats late in the winter are dark brown. 


EFFECTS OF HUMIDITY 


In order to determine the relative effect of humidity and temperature on weight loss, 
a series of bats was held at various temperatures and humidities. Most of the bats were 
held at 0° to 6°C although two groups were held at 25°C. The relative humidities varied 
from 10 to 95 per cent (Tables 4, 5). The rate of loss of weight given in Table 4 shows that 


TABLE 4.—Weight changes of big brown bats held at different temperatures and humidities 








Novotbas | Bade | cc | Relaee | apo prea, |v. oe, e/a 

1 19 5 10 0.229 87 
2 29 5 35 0.166 108 
6 236 5 38 0.159 92 
4 67 5 55 0.115 94 

ll 192 0 38 0.099 66 
2 29 5 75 0.064 50 
5 514 6 80 0.055 40 
2 5 
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95 0.013 39 
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TaBLe 5.—Fat and water changes in big brown bats held under experimental conditions 

















without food 
| | | | | | 
} } Water Fat | 
No. | % | Vapor | | Ave. | Ave. tive | Average | 
ot | sc | mettve | pepo | Raye | ve, | Avec | wt st eon 
bats | humidity | eae = start | ‘mish lage i at | %of | oe + | %.of residue 
| | ea as total ay | total 
1 0 38 0.099 80 18.1 12.8 69 57 62 8 35 


4 25 18 0.759 8 18.5 16.3 275 46 61 25 29 
5 25 70 0.278 17.5 125 51 67 24 25 
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the rate of loss increases with the rate of evaporation. Comparison with Figure 1 shows 
that the rate of loss in nature is approximately equal to that of those held at 95 per cent 
relative humidity. An examination of Table 5 shows that at the higher vapor pressure 
deficits the proportion of water to dry non-fat residue is considerably lower. The rate of 
loss of fat was not appreciably changed. 


DISCUSSION 

The populations of big brown bats studied approach the northern limits of the 
area in which this species is known to hibernate. The northernmost known locality 
for the central portion of the continent is Fort William, Ontario. If we assume 
that the animals die of starvation when 95 per cent of the fat is lost (Benedict 
and Lee, 1938) and that one third of the initial body weight is fat, we can calcu- 
late that male bats going into hibernation weighing 20.6 grams could survive 217 
days if they consume 30 mg. of fat per day (Table 3) but only 170 days if they 
consume 38.5 mg. per day (Fig. 1). Similarly female bats entering hibernation 
weighing 21.5 grams could survive 226 days if consuming only 30 mg. of fat per 
day (Fig. 1) but only 162 days if consuming 42 mg. per day. An average of these 
four values is 194 days. As pointed out in the first section of this paper, the frost 
period in the vicinity of St. Paul, Minnesota, averages about 195 days. Two 
deductions follow: The winters in this region are of approximately maximum 
duration for successful hibernation of big brown bats, and individuals of lighter 
than average weight would be expected to succumb unless the winter was shorter 
than average. Supporting evidence comes from finding some bats too weak to fly 
in the caves in the spring of 1951; on weighing, these were found to be in the 
range of 10.3 to 13.1 grams, i.e., below the average limit calculated from Figure 1 
and Table 3. Postmortem examinations were not performed but there were no 
obvious injuries, and these unusually light bats were presumed to have exhausted 
their food reserves and to be dying of starvation with concurrent dehydration. 

Mann (1936), while working with Myotis myotis in Europe, obtained some 
data that agree with and other data that contrast with those reported here. He 
had two collections, one made on November 21 and the other on March 21. The 
temperature at which these bats had been hibernating was not stated. The water 
content changed from 51 and 47 per cent to 69 and 60 per cent for males and 
females respectively, which is in agreement with our data. He also records the 
change from yellow to brown in the color of the fat. But he reports the fat content 
as changing from 19 and 21 per cent to 1 and 6 per cent in the period of 123 days. 
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These figures on the fat indicate a lower initial percentage of fat, and either a 
lower absolute amount or a relatively higher rate of utilization. In either case, 
M. myotis would not be able to survive as long a hibernation period as the big 
brown bats do in the caves here. There were also fat characteristics which con- 
trast with our findings. The iodine numbers were much lower and were recorded 
as falling from 70 to 50 in the males but remaining constant at 36 to 38 in the 
females, and the melting points were very much higher than those found by us. 
His figures on these points disagree with most of those given for other hibernating 
forms (Gubarev, et al., 1939). Incidentally, with melting ranges of the fats given 
as 33 to 40°C, either solidification must be deterred by contaminants or M. myotis 
in hibernation would be literally congealed. 


SUMMARY 


Data were gathered on the hibernation of the big brown bat (EZptesicus fuscus 
Beauvois) in the vicinity of St. Paul, Minnesota during a six year period begin- 
ning in the fall of 1949. The physical environment in the hibernacula, with the 
exception of temperature, varied considerably. Most of the bats were found 
hibernating where the temperatures averaged about 42°F (5.6°C), the relative 
humidity about 79 per cent, and the vapor pressure deficit about 0.055 inches. 
The bats were not found exposed to bright daylight but if the temperature con- 
ditions permitted they were found hanging in the subdued light near the entrance 
of the cave as well as in the total darkness of the inner chambers. Measurements 
indicated that an extremely wide range of air movement could be tolerated. 

Weights of 3449 bats were taken. These weighings show that the females aver- 

e heavier than the males. They enter hibernation at about 21.5 and 20.6 
grams and lose weight at a constant rate of about 30 and 38.5 mg. for the females 
and males respectively. The summer data are much less extensive than those 
from winter but indicate that the fat is accumulated gradually through the 
summer. 

The fats amount to about 30 per cent of the total weight at the beginning of 
hibernation and are reduced to about 10 per cent by the end of this period. Water 
made up about 48 and 61 per cent of the total weight at the beginning and end 
of hibernation. However the total water content remained nearly constant. The 
total non-fat dry residue changed very little during hibernation. The extracted 
fats had melting points of —6 to —24°C. The unsaturated fatty acids accounted 
for about 85 per cent of the total fatty acids, and this proportion remained re- 
markably constant throughout the hibernation period. 


LITERATURE CITED 


Bartey, V. 1928. Animal Life of the Carlsbad Cavern. Mono. Amer. Soc. Mamm. No. 3, 
195 p. 

Beer, J.R. 1955. Survival and movements of banded big brown bats. Jour. Mamm., 36: 
242-248. 

Benepict, F. G. anv R. C. Les. 1938. Hibernation and marmot physiology. Carnegie 
Inst. of Washington, Publ. No. 497. 239 p. 

Curistian, J.J. 1953. The natural history of a summer aggregation of Eptesicus fuscus 
fuscus. Naval Medical Research Institute, Memo. Report 53-16: 161-193. 





a a je 





, all 


aor vs = We FF VY 


r- 
eS 


se 
1e 


36: 


gie 


Feb., 1956 BEER AND RICHARDS—BAT HIBERNATION 41 


ErsEntTRAUT, M. 1937. Die Deutschen Fledermause, eine Biologische Studie. Mono- 
graphien der Wildsaugetiere, Band II: 84-102. 

GupBareEv, E. M., A. L. Bystrenin anp L. V. Lucovaya. 1939. The role of fat in the 
hibernation of animals. Vestnik Mikrobiol., Epidemiol. Parazitol., 18: 133-138. 

Gururiz£, Mary. 1933. Notes on the seasonal movements and habits of some cave bats. 
Jour. Mamm., 14: 1-19. 

Hixtpitcu, T. P. 1947. The chemical composition of natural fats. Ed. 2. John Wiley and 
Sons, Inc., N. Y. 

Hock, R. J. 1951. Metabolic rates and temperatures of bats. Biol. Bul. 101: 289-299. 

Hoiman, R. T. anv J. R. Curpauur. 1955. Personal communication of February 28, 
1955. 

Kayser, C. 1940. The respiratory exchange of hibernators during hibernation. Ann. 
Physiol. Physicochim. Biol., 16: 127-221. 

Mann, H. 1936. Veraunderungen im Fett winterschlafender Fledermause. Fette und 
Seifen, 43: 155-156. 

Marvin, C.F. 1941. Psychrometric tables for obtaining vapor pressure, relative humid- 
ity and temperature of dew point from readings of wet- and dry-bulb thermom- 
eters. U. 8S. Dept. of Commerce, W. B. Publ. No. 235. 87 p. 

Ryseaarp, G. N. 1942. A study of the cave bats of Minnesota with special reference 
to the large brown bat Eptesicus fuscus fuscus (Beauvois). Amer. Mid. Nat., 28: 
245-267. 

SnepEcor, G. W. 1946. Statistical methods. Ed. 4. Collegiate Press, Inc., Ames, Iowa. 

U. S. Department or Acr. 1941. Climate and Man. U.8.D.A. Year-book: 925-934. 

Wotrson, A. 1945. The role of the pituitary, fat deposition and body weight in bird 
migration. Condor, 47: 95-127. 


Department of Entomology and Economic Zoology, University of Minnesota, St. Paul 
Received May 16, 19565. 











42 JOURNAL OF MAMMALOGY Vol. 87, No. 1 


ECOLOGICAL OBSERVATIONS ON A COLONY OF 
TADARIDA MEXICANA 


By Joun W. Twente, Jr. 


While studying the ecology of vespertilionid cavern bats in south-central 
Kansas in 1952 and 1953, some data were gathered on the ecology of the Mexican 
free-tailed bat, Tadarida mexicana (Saussure). During the spring, summer, and 
fall, Merrihew Cave, a gypsum cavern located 34 mile south and 14 mile west 
of the Barber and Comanche, Kansas, county lines in Woods County, Oklahoma, 
supports a large colony of these bats. I would like to thank Mr. and Mrs. Dewey 
Merrihew for giving me free access to the cavern and for other kindnesses. 

Population size.—These bats, which constitute the most northerly cavern 
population in the region, are absent throughout the winter and first appear in 
the cavern during the first week of April. The size of the population fluctuated 
considerably throughout the period of habitation. The following estimates are 
admittedly crude, but they give an idea of relative numbers present at various 
times. They are based on estimates of the total area occupied by clusters; a figure 
of one Tadarida per square inch was used: April 8, 1953, 500; April 9, 1,000; 
April 10, 200; April 11, none; April 13 to 20, 300; April 25, 5,000; May 22, 22,000; 
May 25, 52,000; June 10, over 100,000; July 3, 20,000; and July 17, 20,000. 
These figures indicate that the return of Tadarida to the cavern in the spring is 
gradual and that population movements to other localities occur during this time. 

In the early fall, the population again consisted of many individuals. On 
September 13, 1952, over 100,000 individuals were calculated, but this number 
had decreased substantially by October 2. The population gradually decreased 
after this until October 21 when there were about 500 Tadarida remaining. 
Approximately 5,000 individuals appeared during the night of October 24; these 
gradually left the cavern until, on October 31, a single female remained. This 
bat was gone on November 1. 

Migration.—Although banding records indicate that there is at least some 
interchange with cavern populations to the south in Oklahoma, there is no evi- 
dence that wintering populations remain in temperate regions. Christensen (1947) 
found that a very small colony of Tadarida mexicana persisted through the early 
winter at Carlsbad Caverns, but that they did not remain throughout the winter; 
on this basis, he suggested that migration to the south occurred. Benson (1947), 
stated that a shift in population does not necessarily mean migration and that 
Tadarida in California may move to more secluded quarters where they can 
successfully hibernate. He further suggested that Carlsbad bats likewise may 
move to more suitable quarters in the same general region, and that banding 
records would finally determine whether or not migration occurs. Mohr (1954) 
reported that a Tadarida banded at Carlsbad Caverns was captured at Jalisco, 
Mexico, 810 miles to the south; this long flight is certainly indicative of migration. 

Comparative fall and spring weights give an indication that Tadarida migrate 
southward to winter feeding grounds rather than hibernating throughout the 
winter in temperate regions without feeding. Table 1 shows that male Tadarida 
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TaBLE 1.—Fall and spring weights of Tadarida. Young bats are those that exhibit no wear 
on the canine teeth 
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lost an average of 2.5 grams (17.2 per cent weight loss) and that females lost an 
average of 3.1 grams (21.2 per cent) from the time that they left the region in 
the fall and the time that they returned in the spring. Myotis velifer incautus, a 
year-round resident bat of the same body weight as T'adarida, hibernates, without 
feeding, for the same time period. If Tadarida hibernated, even under the most 
ideal conditions, they would be exposed to approximately the same metabolic 
stresses as other hibernating bats in the region and, as a consequence, would lose 
the same amount of body weight. Male Myotis velifer lost an average of 3.8 
grams (26.8 per cent weight loss) from October 18, 1952, to April 9, 1953; and 
females for the same period lost an average of 4.7 grams or 29.9 per cent (Twente, 
1954a). Tadarida apparently do not show a sharp increase in weight in October 
as do Myotis velifer (Twente, 1955a), but rather begin adding weight earlier in 
the fall. If Tadarida were to hibernate farther south, it is suspected that cave 
temperatures would be higher than in the region studied and the resulting weight 
losses would be greater. The weight loss incurred while migrating conceivably 
is alleviated by feeding while enroute. As regards gross metabolic economy, it 
is suggested that migration is, on the basis of the amount of weight lost, more 
efficient than hibernation. 

Habitat selection.—Tadarida exhibit the universal chiropteran characteristic 
of a “poor” temperature regulating mechanism whereby the body temperature 
approximates the temperature of the environment. However, the social behavior 
of clustering during the feeding season modifies this factor (Twente, 1955a) and, 
as a result, the body temperature of a Tadarida in this characteristic grouping, 
whether on the ceiling or in a crack, is usually much higher than that of the 
surrounding air. This can be explained on the basis that Tadarida select the 
warmer parts of the caverns in which to hang; consequently, the body temper- 
atures are relatively high causing a high metabolic rate and frequent awakening. 
Body temperatures rise in many individuals that do not fly upon awakening. 
This, in turn, causes the mean temperature of the cluster to be somewhat higher 
that that of the surrounding environment. When hanging singly, body tempera- 
tures are approximately the same as the environmental temperatures. In the 
spring, when the highest temperatures in the cavern are about 10°C., tight as- 
semblies of bats take on the aspect of hibernating, rather than feeding clusters, 
and individuals may not leave the cavern to feed for several days. 
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The temperatures where 7'adarida were found ranged from a minimum of 8°C. 
in April to a maximum of 28°C. in June as determined by maximum-minimum 
thermometers. Data from recording thermohumidigraphs show that daily 
temperature fluctuations may be as much as 5°C. in a day in the rooms occupied 
by Tadarida. These instruments also show that relative humidities varied from 
10 per cent to 90 per cent during the period of occupation. Tadarida in a barn at 
Aetna, Kansas, seven miles to the northeast, survived in temperatures which 
exceeded 43°C. Like other bats in the region, Tadarida apparently exhibits a 
wide tolerance to environmental changes. The contention by Constantine (1952) 
that Tadarida mexicana requires a high temperature and a high relative humidity 
is not borne out by these data. 

In the spring, Tadarida are found only in clusters on rough ceilings in the 
highest part of the cavern. Those that first arrived in April and early May always 
clustered at the identical place near the center of the cavern. Later, clusters 
formed in five different parts of the cavern. Since these clusters always form at 
the same places, it would appear that perhaps smell may be an important factor 
in the selection of a clustering place. A pungent, musky odor remains on the 
rock where they have clustered for some time after Tadarida have left the cavern 
for the winter. 

In June, after large numbers had arrived, cracks, both horizontal and vertical 
in the warmer parts of the cavern, were packed with Tadarida. These were not 
universally occupied since ceilings appeared to be preferred situations. In the fall, 
Tadarida are found in all situations, but cracks seem to be preferred. It was 
noted that when small numbers were present, cracks were universally occupied 
and only after they were filled were ceilings utilized. The reason for this change 
in habitat preference from spring and summer to fall is not known since cli- 
matically the two habitats are not unlike. 

In 1953, Tadarida gave birth to young from June 20 through the first half of 
July. Very young individuals were left hanging both on the ceiling and in cracks 
when the adults left the cavern to feed. When brood clusters were disturbed, 
females were seen to move their young from one room of the cavern to another. 
The body temperatures of young in clusters, which had been left by their mothers 
an hour before, were found to be over 35°C. indicating that the function of the 
cluster of young bats is the same as for adult bats in the summer—to maintain a 
high body temperature and thus to allow for efficient digestion and assimilation 
of food (Twente, 1955a). High temperatures, as found by Pearson, Koford, and 
Pearson (1952) increase the rate of growth of young bats. 

When evening approaches, Tadarida begin milling about the cavern, flying 
first around the rooms in which they spend the day and then flying through 
passageways leading to the entrances. Upon reaching a light zone, they fly back 
into the cavern and continue flying in the darkness, often alighting for a few 
minutes. As the illumination from the sky decreases, they venture farther into 
the twilight zone until, at the time of emergence, many leave the cavern at once. 
This behavior is obviously that of light sampling as described for Myotis velifer, 
Antrozous bunkeri, and Corynorhinus rafinesquei by Twente (1955a). Too few 
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photometer readings were taken to positively learn the effect of the amount of 
light on the time of emergence, but observations on cloudy evenings, when they 
emerge earlier than on clear evenings, lead to the conclusion that light is the 
determining factor. These bats may leave the cavern when the illumination from 
the sky is over 50 foot candles. Recording thermohumidigraph data show that 
there is no temperature differential at sunset within the cavern, which several 
authors have suggested signifies the time of emergence to the bats within. 

Limiting factors—The yearly mortality for Tadarida, which has but one 
young a year, cannot exceed 30 per cent if the population is to be maintained. 
Data gathered in this study suggest that predators may account for much of 
the yearly loss, although babies that fall to the floor and die are probably also 
an important factor. Barn owls (Tyto alba) were observed catching Tadarida, 
and pellets from these and great horned owls (Bubo virginianus) yielded remains 
of many free tails (Twente, 1954b). Macy and Macy (1939) reported red-tailed 
hawks (Buteo jamaicensis) feeding on Tadarida at Merrihew Cave in August, 
1934. 

In addition, rat snakes (Elaphe guttata emoryi) are known bat predators and 
several were found on ceilings a few feet from clusters of Tadarida, although none 
were found in the process of catching these bats. A large scat from a raccoon 
(Procyon lotor), the contents of which were identified by Howard B. Stains of 
the University of Kansas, was found in the cavern and consisted almost wholly 
of Tadarida hair. Skunks (Mephitis mephitis) and opossums (Didelphis marsu- 
pialis) were observed feeding on baby Tadarida that had fallen to the floor, but 
these observations cannot be considered of importance to the population dynamics 
of Tadarida since babies that have fallen may be presumed lost in any event. 

Some mummified remains of adult individuals were found hanging from the 
walls and ceilings. Apparently, these had died either from old age, wounds, or 
disease. In relation to the size of the populations, the numbers of these were too 
few to be considered significant. 

Sex ratios.—Samples of Tadarida from all places, including flight samples, 
were taken to learn the sex ratio. Of 613 Tadarida sexed, 466 or 76 per cent were 
females. This disproportionate ratio would seem to indicate that there is (1) a 
differential sex ratio at birth; (2) a differential mortality between the sexes; or 
(3) a behavior difference between the sexes. Cagle (1950) found that of 461 
juvenile Tadarida mexicana sexed in Ney Cave in Texas, 246 were males and 215 
females (not significant). These data would seem to preclude a differential sex 
ratio at birth. Other studies (Eisentraut, 1950; Mohr, 1952) have shown that the 
mortality between the sexes of Myotis is about equal although females may suffer 
heavier losses the first year than the males. The third alternative, that of a 
behavior difference between the sexes, would seem to be the most likely explana- 
tion. 

During the course of this study, the maxillary canine teeth of many Tadarida 
were checked for wear (Table 2). Although absolute age cannot be determined 
by this method, it is believed that relative ages can be ascertained and thus show 
whether a differential mortality or behavior differences exist. This system was 
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TABLE 2.—Age groups of Tadarida. Group 1 includes those in which the tips of the mazillary 
canine teeth are unworn; Group 2, those in which the tips are slightly worn; Group 3, those 
which have a substantial part of the canine worn away; Group 4, those in which the canines 
are worn about half way to the gums; and Group 5, those in which the canines project only 
slightly above the gum level 


Age groups ? 9 Age groups oc” 











’ 2 | 3 | 4 | s | 1 | 2 | 3 | 4 | 5 
Fall samples......... 116 63 52 9 1 52 12 — — _ 
Per cent........ . 48.1 26.1 21.6 3.7 0.4 81.2 18.8 — — — 
Spring samples....... 36 23 11 12 6 40 1 1 — —_— 
Se 40.9 26.1 12.5 13.6 6.8 95.2 2.4 24 — — 
Total number fall 
and spring......... 152 86 63 21 7 92 13 1 - _- 
Total per cent....... 46.2 26.1 19.1 64 2.1 86.8 12.2 09 — — 





used to appraise a population of Myotis velifer using as comparative material 
members from within the population that had been banded five years previously 
(Twente, 1955b). The amount of wear on the canine teeth of Tadarida from Merri- 
hew Cave, as shown by Table 2, indicates that females of all ages are present 
whereas the males are primarily young. Although the tooth wear of female 
Myotis velifer proceeded at a faster rate than that of the males, old males were 
readily recognized. Assuming this is the case with T'adarida, it is suggested that 
most of the old male T'adarida have different behavior patterns and are living 
elsewhere. 

Male Tadarida were found in clusters with pregnant females, but brood clus- 
ters with young were made up wholly of females. During the summer, many 
male Myotis velifer were found interspersed throughout clusters of T’adarida and 
observations of their behavior indicate that interspecies aggression is not evident. 


SUMMARY 


A population of Mexican free-tailed bats, Tadarida mexicana, was studied in 
Merrihew Cave in Woods County, Oklahoma, in 1952 and 1953. 

Tadarida arrived in the cavern during the first week of April. Population build- 
up was gradual and fluctuating; a peak was reached in June. Tadarida began 
leaving the cavern in October; the departure was gradual and lasted until 
October 31. 

Male Tadarida weighed 17.2 per cent less when they returned in the spring 
than they weighed in the fall. Females weighed 21.2 per cent less for the same 
time period. A bat of the same size, Myotis velifer incautus, which hibernated 
during the same time period, weighed 26.8 per cent less for the males and 29.9 
per cent less for the females. On the basis of these data, it is suggested that 
migration did occur and that it is a more efficient mechanism than hibernation 
as regards metabolic economy. 

Tadarida select the warmer parts of the cavern in which to hang. Tight clusters 
tend to keep the body temperatures of all individuals higher than that of the 
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surrounding air. Environmental temperatures where Tadarida were found varied 
from 10°C. to 43°C., and relative humidities ranged from 10 per cent to 90 per 
cent indicating that Tadarida exhibit a wide ecological tolerance to climatic 
conditions. In the spring and summer, high ceilings were preferred clustering 
places whereas in the fall, cracks seemed to be favored. Young were born from 
June 20 through the first half of July. 

The time of emergence for evening feeding apparently is determined by the 
degree of illumination from the sky. A light-sampling behavior is described. 

It is suggested that population loss to predators and the loss of babies fallen 
to .ue floor account for most of the yearly mortality, which cannot exceed 33 
per cent. 

Of 613 adults sampled, 76 per cent were females. The amount of wear on the 
canine teeth indicates that the males were primarily young (not juvenile) 
individuals. It is suggested that old males exhibit different behavior patterns 
than the females. 
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HOMING, MOVEMENTS, AND LONGEVITY OF BATS 
By E. Lenpett Cockrum 


As far as is known, bats were first banded in the United States in 1916, when 
Dr. A. A. Allen, an ornithologist, marked five pipistrelles with bird bands (Allen, 
1921). Little banding of bats was done during the next 16 years; in fact it was 
not until 1932 that intensive studies were undertaken. Between 1932 and 1951 
a total of 67,279 bats were banded in the United States and Canada. Over 50,000 
of these were banded in caves, usually in the wintertime while the bats were in 
the inactive hibernating condition (Mohr, 1953). Most of these studies were 
made in the eastern United States. 

Most of the findings of these banding studies have related to the homing ability, 
movements, and longevity of various species of the more colonial, cave dwelling 
bats. No intensive studies have been made of the more solitary tree dwelling 
bats. The purpose of this paper is to summarize some of these findings of other 
workers and to add the results of banding studies that I have carried on. 

Grateful acknowledgement is made to the National Science Foundation for 
Research Grant G-333 (Investigations of the Mammals of Arizona) for financial 
assistance for field work in Arizona. I am also grateful to the United States Fish 
and Wildlife Service for furnishing the bands used in my studies in Illinois, 
Kansas and Arizona, and to Dr. Fred R. Cagle, Department of Zoology, Tulane 
University of Louisiana, New Orleans, Louisiana, for making available to me the 
original banding data for the bats banded in Illinois. Since banding studies 
usually involve much work, I have often imposed upon my friends, associates 
and students for assistance. Among those whose efforts warrant special thanks 
are the following: my wife, Irma Cockrum; Drs. A. B. Leonard and A. B. Wil- 
iams; Lee Beatty and Keith Justice. 


HOMING 


Howell and Little (1924) banded five big brown bats (Hplesicus fuscus) on 
July 20, 1921, and released them 20 miles from the colony. Almost two years 
later two of the five were recovered at the original point of capture at Covina, 
California. Since this time a number of homing experiments have been conducted, 
most of which have been concerned with the distance from which bats return 
to the point of capture although a few have been concerned with the speed of 
the return flight. Most of the experiments in the United States have been con- 
ducted in areas east of the Mississippi River and the majority have involved 
the little brown bat (Myotis lucifugus). Individuals of this species have returned 
after being released at various distances up to 228 miles from the point of cap- 
ture. 

Table 1 gives the results of several homing experiments. The low percentage 
of recovery has been the subject of some speculation. In many cases recovery 
percentages are related to the difficulty of capturing all of the individuals of any 
one colony. Such difficulties are encountered when the mines or caves are ex- 
tensive or when the summer colony is in a site with many possible exits. 
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TaB_y 1.—Results of homing experiments with bats 





Miles | __No- 


| Percentage 


| 





released recovered | recovered | Time Reference 
Myotis lucifugus 
10 140 17 12.1% ? Griffin (1940) 
12.5 ? 3 ? 20 days Mohr (1934) 
17.5 ? 4 ? 20-33 days Mohr (1934) 
30 ? 3 ? 12-13 days Mohr (1934) 
36 24 6 25% ? Griffin (1936, 1940) * 
40 ? ? 3 days Mohr (1942) 
68 223 83 37% to 2 years Hitcheock and Reynolds 
(1942) tf 
70 55 1 3.6% 1 year Hitchcock and Reynolds 
(1942) 
76 114 52 46% to 2 years Hitchcock and Reynclds 
(1942)t 
100 52 2 4% 3 months; 5 years Cagle and Cockrum (1943) 
Cockrum (1949) 
156 82 7 8.5% ? Griffin (1940) 
180 78 2 2.6% 1 year Hitchcock and Reynolds 
(1942) 
228 77 2 2.5% 1 to 2 years Smith and Hale (1953) 
Myotis sodalis 
20 35 10 28.6% ? Griffin (1940) 
156 44 2 4.5% ? Griffin (1940) 
Myotis velifer 
28 68 6 11% 1 to 5 days See text 
Eptesicus fuscus 
19 6 5 83.3% ? Griffin (1940) 
20 5 2 40% 2 years Howell and Little (1924) 
Corynorhinus townsendii 
28 54 4 13% 2daysto2months See text 





* Flew over 12 miles of open sea to return to home site. 
t Six recovered after 7 days 
t Twelve recovered after 6 days. 


Although homing has been demonstrated for some species of bats, both in 
North America and in Europe, some doubt still exists as to whether it can be 
demonstrated in all species. Aellen (1952) could not demonstrate homing in two 
species of bats in Switzerland (Rhinolophus hipposideras and Miniopterus schrei- 
bersii) although Casteret (1938) did demonstrate homing in one of the same 
species (Minioplerus schreibersii) in France from distances up to 62 miles. I have 
set up experiments involving a few long-nosed bats (Leptonycteris nivalis) and a 
few California leaf-nosed bats (Macrotis californicus) but have not yet demon- 
strated homing in these species. 

The speed of the return trip made by homing bats is in need of further investi- 
gation. Many of the recoveries that are used as evidence of homing were secured 
two or more years after the bats were released. Perhaps the various species of 
bats show variation in their homing ability and in the rapidity with which they 
return to the point of original capture. 
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Little brown bats (Myotis lucifugus) have been retaken from distances of 40 
miles in three days (Mohr, 1942), from 68 miles in seven days and from 76 miles 
in six days (Hitchcock and Reynolds, 1942). However, in an experiment designed 
to determine the speed with which homing Myotis lucifugus returned to the 
point of capture, Hitchcock and Reynolds (op. cit.) made no recoveries of indi- 
viduals released at a distance of 70 miles until 17 days had passed. 

Some experiments that I conducted in the summer of 1954 emphasize the 
need of further investigations concerning the speed with which homing bats may 
return. At 10:30 pm on May 2, 1954, Lee Beatty and I captured 56 female and 
12 male cave myotis (Myotis velifer) at Colossal Cave, 23 miles east and six miles 
south of Tucson, Pima County, Arizona. These were transported to Tucson in 
cloth sacks in the closed trunk of an automobile. They were banded and released 
between 1:00 and 1:30 am on May 3, at a point approximately 28 miles (airline) 
from the cave. On the afternoon of May 3 nets were placed over the known 
exits of Colossal Cave. Just after dark two banded female cave myotis were 
recovered as they attempted to leave the cave. These bats must have returned 
to the cave sometime before daylight and then spent the day in the cave. Ob- 
servations made at the cave entrance in the early morning indicate that the 
bats all return by 5:00 am. Thus, if these bats did return before daylight of 
May 3, they had transversed the distance of 28 miles in not more than four 
hours. Other individuals were recovered on May 8 as well as later in the summer. 

A total of 54 big-eared bats (Corynorhinus townsendii), also from Colossal 
Cave, were released in Tucson in early May, 1954. Three of these were recovered 
at Colossal Cave two days after being released in Tucson. 


MOVEMENTS 


Many of the cave bats form large nursery colonies in the summer where the 
females congregate to give birth to their young and where they remain until 
after the young are large enough to take care of themselves. Sometime in the 
late summer or early fall these bats leave the nursery colony and, a few weeks 
later, enter a cave or other protected place, where they spend the winter in 
hibernation. 

In the attic of a building on the campus of Southern Illinois University, at 
Carbondale, Jackson County, Illinois, a nursery colony of little brown bats 
(Myotis lucifugus) existed for a number of years. Between 1939 and 1942, Fred 
R. Cagle and I made observations of this colony (Cagle and Cockrum, 1943). A 
few adult females arrived at the nursery colony in early April. By the middle of 
May most of the adult females had arrived. At this time, in 1940, the colony 
was estimated to contain in excess of 30,000 individuals. Most of the young were 
born between mid-May and mid-June although some were born as late as July 
12. As the young reached adult size, approximately four weeks after birth, the 
population slowly diminished. In 1940, some individuals remained in the colony 
as late as November 10. 

This sequence of events is probably typical of most nursery colonies; the actual 
dates, however, vary with species, location and year. In any case it serves to 
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illustrate that the movements of individual bats fall into three major categories: 
diurnal movements, local migrations and seasonal migrations. 

Diurnal movements are made by bats each night as they leave their roosts to 
secure food and water. The time at which bats leave their roosts in the evening 
varies with the species and, at least in those that leave early in the evening, 
with the time of sunset and with the amount of overcast in the sky. Such has 
been shown for Pipistrellus pipistrellus in England (Venables, 1943) and for 
Eptesicus serotinus in Germany (Eisentraut, 1953). I have made similar observa- 
tions on three colonies of Mexican free-tailed bats (Tadarida brasiliensis) on the 
campus of the University of Arizona at Tucson. In early July the flights start 
at approximately 7:45 pm and, as the season progresses, they come out earlier. 
On November 13th, for example, the flight started at 5:50 pm, on December Ist, 
it started at 5:40 pm and on February 28, at 6:35 pm. 

Eisentraut (1953) found that Eptesicus serotinus, in Germany, followed fixed 
routes as they left the daytime retreats on their evening flights and thought 
that the succession of visits to various “hunting-fields” was also fixed. To my 
knowledge no studies of this phase of chiropterian activity have been carried 
out in the United States. Observations on the evening flights of the three colonies 
of Mexican free-tailed bats on the campus at the University of Arizona appear 
to conform with at least the first part of Eisentraut’s observations. Most indi- 
viduals in one colony, under the roof tiles at the southeastern corner of a build- 
ing, flew in a south-easterly direction, night after night, in the summer and fall 
of 1954. On these same nights most individuals in a second colony, situated 
under the roof tiles on the western part of the same building, flew in a southerly 
direction. Insufficient observations were made on the third colony, under the 
roof of a second building; thus no general conclusions can be made. The fcw 
observations made indicate that most of these individuals flew to the northwest; 
however, on at least one occasion, they flew southward, merging with the flight 
from the second colony mentioned above. 

Local migrations are movements from one retreat or roost to another. Such 
migrations often occur in small colonies, especially after they have been dis- 
turbed in a daytime retreat. The cave myotis (Myotis velifer), reported in Table 
3, D, is probably an example of movements caused by disturbance. It was 
banded on April 24, 1953, in Serasio Mine, 24 miles south and 6 miles west of 
Tucson, Arizona, and recovered in a second mine only one mile to the eastward 
after 17 days. 

Climatic factors may also cause local migrations. Bats banded in shallow caves 
in late fall and early winter have been retaken later in the same winter in other 
caves (Mohr, 1953). 

Perhaps some of the dispersal movements after a summer nursery colony 
breaks up might fall into this category. However it is difficult to distinguish 
between these and the beginnings of a leisurely seasonal migration to the winter- 
ing site. This is demonstrated by the recovery of little brown bats banded in the 
nursery colony at Carbondale, Illinois (Table 2). The individuals recovered in 
September, October, and November may have been moving slowly toward 
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TABLE 2.—Recoveries of little brown bats (Myotis lucifugus) banded in a nursery colony at 
Carbondale, Jackson County, Illinois 











Miles | Date recovered Date banded Place recovered 
10 Sept. 23, 1946 Aug. 21, 1940 4 mi. 8 Gorham, Illinois 
9 Oct. 30, 1943 July 20, 1940 Carterville, Illinois 
19 Nov. 1, 1940 July 27, 1940 Grand Tower, Illinois 
41 Jan. 11, 1941 June 8, 1940 Cave near Longtown, Mo. 
14 Jan. 13, 1945 May 17, 1940 Rich’s Cave, 2 mi. E. Cobden, 


Ill. 





TABLE 3.—Recoveries of banded bats 





Distance (Miles) | Time Reference 
' 








A. Banded in hibernation, recovered in summer habitat 
Myotis myotis (Europe) 
0 to 50 miles, most 


50 to 100 miles, some ? Kisentraut (1943) 
Myotis lucifugus 
30 miles 4 months Griffin (1940) 
62 miles 6 (?) months Griffin (1940) 
Myotis velifer 
13 miles 6 months Cockrum (1952) 
28 miles 5 months Cockrum (19526) 
43 miles 7 months Cockrum (19526) 
Myotis sodalis 
20 miles 5 months Griffin (1940) 
Pipistrellus subflavus 
13 miles 5 months Cockrum (1952a) 
65 miles ? Griffin (1945) 
85 miles 6 (?) months Griffin (1940) 
Eptesicus fuscus 
10 miles 6 (?) months rriffin (1940) 
Nyctalus noctula (Europe) 
50, 190, 350, and 468 miles ? Eisentraut (1936) 


B. Banded in summer colony, recovered in hibernation 
Myotis lucifugus 


14 56 months Cockrum (1949) 
14 ? Griffin (1945) 
21 6 months Griffin (1945) 
28 16 months Griffin (1940) 
41 7 months See Table 2 

155 7 months Griffin (1940) 
160 17 months Griffin (1940) 
168 4 months, 5 months, 8 Griffin (1940) 

months (3 records) 
169 4 months Griffin (1940) 








some hibernating place, a seasonal migration. Certainly the two recovered from 
caves in January had completed seasonal migrations. 

Seasonal migrations have been adequately demonstrated for several species of 
cave-bats, as can be seen in Table 3, A and B. Some of the movements shown in 
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TABLE 3.—Concluded 


53 





Distance (Miles) Time 


Reference 





C. Banded in hibernation, recovered in hibernation 


Myotis lucifugus 


8 12 months Griffin (1945) 
9 11 months Griffin (1945) 
35 2 months Griffin (1940) 
37 24 months Griffin (1940) 
55 2 months Griffin (1940) 
61 34 months Griffin (1945) 
66 11 months Griffin (1945) 
91 35 months Griffin (1945) 
156 28 months Griffin (1945) 
156 7 months Griffin (1945) 
Myotis keenii 
55 2 months Griffin (1940) 
Myotis velifer 
2 12 months Cockrum (19526) 
Myotis sodalis 
21 12 months Griffin (1940) 
28 12 months, 13 months, Griffin (1940) 
29 months (3 records) 
35 12, 27, 27 months (3 rec- Griffin (1940) 
ords) 
66 35 months Griffin (1940) 
135 10, 12, 12 months (3 rec- Griffin (1940) 
ords) 
142 9 months Griffin (1940) 


D. Banded in one summer colony, recovered in second summer colony 
Myotis lucifugus 


42 74 months Griffin (1945) 
75 45 months Griffin (1945) 
158 59 months Griffin (1945) 


Myotis velifer 


1 17 days See text 





Table 3, C and D may also be the result of seasonal migrations but others may 
actually be local movements. In any case, seasonal migrations of cave bats have 
been demonstrated for distances up to 169 miles. As yet, none of the more solitary 
tree bats has been proven to migrate. Indirect evidence suggests that these 
bats spend the summer in northern regions and move southward in the fall 
(Allen, 1939; Griffin, 1940). 


LONGEVITY 


The problem of determining the length of life of various kinds of bats has 
been approached in three ways: length of life of captive individuals, life expect- 
ancy as determined by mortality (or survival) tables, and recovery of marked 
individuals. 

Life span in captivity has been recorded by Flower (1931) for some of the 
larger fruit-eating bats. The oldest was a female African collared fruit-bat, 
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Rousettus leachii, born in the London Zoo and died at an age of 19 years, 9 
months and 25 days. An Indian fruit bat, Pteropus giganteus, survived 17 years, 
1 month and 26 days in captivity. Another species of African fruit-bat, Rousettus 
aegyptiacus, survived 12 years, 7 months and 29 days in captivity. Trapido 
(1946) reported that the vampire bats (Desmodus rotundus) have been kept alive 
in captivity for as long as 12 years and 9 months. The small insectivorous species 
are harder to keep in captivity and have not yielded much information as to 
longevity. Orr (1954) kept pallid bats (Antrozous pallidus) in captivity for as 
long as 13 months. 

Life span from moriality tables has been used by some workers (Deevey, 1947; 
Allee, et al., 1949). Nice (1937) calculated the theoretical age group compositions 
for stable populations, based upon annual survival rates and assuming no 
difference in death rate among various age groups. Such tables are useful in 
estimating longevity when the movements of individuals between various sum- 
mer colonies or caves is low enough that an accurate survival rate can be com- 
puted. These conditions are rarely available. Mohr (1953) has pointed out that 
in a hibernating colony of 899 little brown bats (Myotis lucifugus) banded in 
Durham Mine in eastern Pennsylvania, only a 25 per cent local return was 
found after three visits to the mine in the following winter. ‘‘In subsequent years 
additional returns increased the percentage to 44%..... At Durham Mine 8% 
of the 395 banded bats retaken were found after absences of four or more years 
(20 after intervals of 4 years, 16 after 5 years, 4 after 6 years, 6 after 7 years, 
and one each after 8 and 9 years). It is unlikely that they all escaped notice 
during the frequent inspections despite the extensive nature of the mine.” In 
general the percentages of returns are lower from nursery colonies than from 
hibernating colonies (Griffin, 1940). 

Working with the big-eared bat (Corynorhinus townsendii) in California, 
Pearson, Koford and Pearson (1952) found that survival data for three years of 
females in a nursery colony indicated a median age of 3.1 years and an average 
age of 5.0 years. More studies of this nature are currently underway. 

The recovery of individual banded bats has provided most of the longevity 
records for the smaller insectivorous bats. Table 4 gives the results of some of 
these recoveries. Unfortunately, as Mohr (1953) has already emphasized, these 
ages are computed from the date of banding, not from the date of birth, thus 
these bats may have a minimum age from four to 10 months greater than the 
ages shown. Actually, in the past, most bats have been of unknown age when 
banded. An example of this is illustrated by the little brown bat (Myotis luctfugus) 
indicated in Table 4 as having reached an age of 12 years in Illinois. This bat, a 
female, was originally banded on June 27, 1941, in the nursery colony at Car- 
bondale, Illinois. It was found dead, but still relatively undecomposed, in the 
first week of September, 1953, at the point of banding by Ester Bennett, Curator 
of Biology at the Museum of Southern Illinois University. The bat, let us assume, 
died on July 15, 1953 (this is merely an estimate based on the degree of decompo- 
sition when discovered). It had been banded with a size 0 United States Fish 
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TABLE 4.—Longevity records of bats as shown by banded individuals 


Age record Locality | Reference 








Myotis myotis 


13 years Netherlands Bels (1952) 

12 years Germany Eisentraut (1947) 
Myotis lucifugus 
‘Many, 10, a few 11, 12, 13— New England and Mohr (1953) 

one 14 years” Pennsylvania 

12 years Illinois See text 

7 years Ontario Hitchcock (1949) 
Myotis keenii 

5 years Ontario Hitchcock (1949) 
Myotis sodalis 

10 years Kentucky Mohr (1953) 
Myotis subulatus 

9 years Pennsylvania Mohr (1953) 

5 years Ontario Hitchcock (1949) 
Eptesicus fuscus 

9 years Ontario Banfield (1950) and Hitch- 

cock (1949) 

9 years Wisconsin Mohr (1953) 

8 years Ontario Banfield (1948) 
Pipistrellus subflavus 

10 years Wisconsin Mohr (1953) 

7 years Illinois Cockrum (1952a) 

6 years Ontario Hitchcock (1949) 
Rhinolophus ferrumequinum 

14% years Netherlands Bels (1952) 
Rhinolophus hipposideras 

7 years Switzerland Aellen (1952) 
Miniopterus schreibersii 

9 years France Caubere and Caubere (1948) 

7 years Switzerland Aellen (1952) 





and Wildlife Service bird band on the forearm. Wear and perhaps chewing by 
the bat had almost obscured the last digit of the serial number. The band appears 
to be 14-79335. If this is true, the individual, an adult female when banded on 
June 27, 1941, must have been in excess of 13 years old when it died for, in order 
to have been an adult when banded, her birthdate would have been in the 
period May 17-July 12, 1940 (Cagle and Cockrum, 1943) or in some earlier 
year. However the band may actually be 14-79336. In this case the bat, a young 
female born earlier in that same year, also banded on June 27, 1941, would have 
been just over 12 years old at the time of death. 

As can be seen in Table 4, more records must be assembled before any general 
statements can be made concerning longevity in the smaller insectivorous bats 
or before correlations can be made between the birth rate of the species and 
longevity. However it is evident that ages of 10 years are not uncommon and 
that ages of at least 14 years are possible for these bats in nature. 
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SUMMARY 


This paper summarizes the results of three aspects of banding studies (homing 
experiments, movements, and longevity) as reported by others in the literature, 
and records some of the results of banding studies made by the author. Certain 
species of bats have homing abilities, and return to the point of capture from 
distances as great as 228 miles. The speed of the return trip is in need of further 
investigation. Many of the recoveries that have been used as evidence of homing 
were secured two or more years after the bats were released. Two cases of homing 
from a distance of 28 miles in less than four hours are reported for the first time. 

Most movements of bats fall into three categories: diurnal movements, local 
migrations and seasonal migrations. Few detailed studies have been made con- 
cerning the first two types of movements. Several recoveries demonstrating 
seasonal migrations have been made by various workers. To date, however, no 
banding studies have proven that the tree bats migrate, although indirect evi- 
dence indicates such a migration. 

Three types of information have been used in the past to estimate life spans 
of various kinds of bats: length of life in captivity, life expectancy tables, and 
recovery of marked individuals. Some of the problems of interpreting data from 
the last two sources are discussed. 
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TOOTH DEVELOPMENT AND WEAR IN MYOTIS 
By LeRoy C. StreGEMAN 


Very little information is available on the development and wear of the teeth 
in the little brown bat. The following data are based upon the study of 585 
skulls of Myotis lucifugus lucifugus. All of the skulls were collected from two 
colonies on the Huntington Forest of the Adirondacks near Newcomb, New York. 
The specimens were collected on July 14 and all were treated alike. The skulls 
are from 239 immature animals and 346 adults. Since the collection was made at 
the end of the parturition period, it reveals the changes that occur in the decid- 
uous dentition. The immature animals of the collection ranged in age from a 
few days to approximately 50 days (Stegeman, 1954). The deciduous teeth are 
shed during this period and the permanent dentition acquired. The number of 
specimens and the conditions under which they were obtained makes them meet 
most of the requirements set forth by Andersen (1918) for the determination 
of age, namely: (1) All specimens collected at one time; (2) All specimens col- 
lected from the same area; (3) A large series; and (4) Animals separated by one 
year of age. Since the skulis of adults were collected on a single date they can 
be separated into yearly groups more readily. 

Methods.—After the specimens were weighed, measured, and sexed the heads 
were severed, with the fur and flesh left on, each wrapped in a small square of 
cheesecloth, and a numbered tag attached. They were then dried and stored for 
future study. Several attempts were made to cook and clean these skulls without 
success. They were too fragile and came apart during the cleaning operation. 
A group was then exposed to dermestid larvae with no better success, since the 
larvae ate bones and all, particularly the immature specimens. The group was 
next infected with the larvae of the common clothes moth Tineola bisselliella 
(Hum.). These larvae were so small that they did not destroy the bones. Random 
samples were examined at intervals until the specimens were sufficiently clean 
to determine the condition of the teeth. The loosened tissues and frass were then 
removed and the examinations made under a binocular dissecting microscope. 

The deciduous teeth of each immature animal were listed and the total number 
recorded. The skulls were then classified on the basis of the number of milk teeth 
present. The skulls of mature bats were examined for tooth wear and grouped 
accordingly. 

Observations.—The little brown bat is a hibernating species and in this area 
active only from April or May to October or November at most. The young in 
this locality are born between the last of May and the middle of July. Therefore 
every adult taken in July had been using its permanent teeth for feeding in 
multiples of about six months. Thus the degree of wear enables one to separate 
the animals into yearly groups. 

The skulls of the smallest bats in this series have the full complement of milk 
teeth; therefore, the order of eruption cannot be determined. The method of 
preparing these skulls may have removed the evidence of eruption. However, 
this seems unlikely since the gum line is clearly shown in many of the skulls. 
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Since this series contains individuals only one day old it is probable that most 
if not all of the milk teeth have erupted at birth. However, to determine this 
point newborn young should be examined in the flesh. The little brown bat has 
22 deciduous teeth, the maximum number known in bats. The dental formula 
for this milk dentition is di 24; de K%; dpm 24 = 22. 

It is assumed that the first incisor is the one that is now missing in the upper 
jaw (Miller, 1907) and that this loss is the result of the shortening of the pre- 
maxillary bone and the formation of the open space between the incisors. One 
specimen in the series has three upper incisors on the right premaxillary bone 











Fig. 1.—Top: Three views of upper jaws of little brown bat skull with twenty-three 
deciduous teeth. Borrom: Little brown bat jaws showing the normal complement of twenty- 
two deciduous teeth. 
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which gives it a complement of 23 milk teeth. All three incisors seem about 
equally well developed and firmly attached (Fig. 1). This is the first time such 
an occurrence has been reported to my knowledge. The second deciduous incisor 
is quite evenly trilobed and more regular in shape than the first and third de- 
ciduous incisors. The first and third resemisle the ones on the left side of this 
same skull and in the other skulls. From this evidence it would appear that the 
second incisor may be the one lost upon the shortening of the jaw and not the 
first as assumed by Miller and others. 

The shape and arrangement of the milk dentition is of importance in estab- 
lishing the relationship of the genera and families. The normal milk dentition is 
shown in Figure 1. It is obvious that the milk teeth are not adapted for feeding 
but rather to assist the young in holding on to the mother (Spillman, 1927). 
She carries them attached to the pectoral teats during flight. 

The number of individuals, the number of deciduous teeth possessed, the 
average length of the forearm, and the approximate number of days of age are 
listed in Table 1. The age is based upon the assumption that the forearm would 
average 10 mm. long at birth and would increase at a rate of .56 mm. per day 
(Stegeman, 1954b). 

When the information in Table 1 is supplemented by the listing of the decidu- 
ous teeth in each skull the following order is established for the shedding of the 
milk teeth: (1) First lower incisor; (2) Second upper premolar; (3) Second lower 
incisor; (4) Third lower incisor; (5) Second lower premolar; (6) First lower pre- 
molar; (7) First upper premolar; (8) Lower canine; (9) Upper canine; (10) 
First upper incisor; and (11) Second upper incisor. This order corresponds very 
closely with the findings of William G. Reeder (1953) for the fish-eating bat 
Pizonyx vivesi. 

The rate at which the teeth are shed is variable, as shown in Table 1. All the 
deciduous teeth are retained for about 18 days. All deciduous teeth with the 
exception of the first lower incisor are retained another nine days, or until the 
young bat is about 27 days old. The milk teeth are then shed in fairly rapid 
succession during the next period of about 17 days. However, the upper in- 


TaBLeE 1.—Correlation between number of deciduous teeth and age 








Number of individuals | Number of milk teeth | Av. length of forearm Approximate age in days 
72 22 18.8 18 
24 20 23.6 27 
24 18 24.0 28 
22 16 25.1 30 
26 14 27.2 34 
33 12 28.1 36 
10 10 29.0 38 

2 8 29.5 39 
2 6 32.0 44 
9 4 32.0 44 
15 0 36.9 54 
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cisors are held 10 days or so longer. The upper incisors are the last teeth to be 
shed and at an age of approximately 54 days, or roughly two months after birth. 

From the above it is obvious that on the date this material was collected the 
permanent dentition had received wear for a few days only if they were young 
of the year. Teeth of individuals born the preceding year would have been used 
in active feeding for six or seven months. Bats born in each preceding year would 
have been feeding an additional period of six or seven months for each year of 
age. 

All teeth do not wear evenly and the relatively simple structure of some teeth 
makes it difficult to judge the degree of wear. For this reason the first upper mo- 
lar was chosen for this study. It is the most complex in shape and has more 
cusps and ridges to show stages of wear. Andersen (1918) likewise used this 
tooth for his study. Figure 2 shows the form of the first upper molar. The num- 
bering of the cusps and commissures follows Andersen. 

The order of wear in the first upper molar is as follows: The first parts to show 
wear are the commissures 2-4 and 2-5. The next are cusps 4 and 5, then com- 
missures 1-4 and 3-5. Following these the commissures 1-6 and 5-6 show wear. 
The last to wear are cusps 6 and 7. 
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Fig. 2.—First upper molar of little brown bat, showing stages of wear indicating years 
of age. 
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Likewise the first molar is the first tooth to show wear. The second molar 
shows about one stage of wear less and the third molar still another stage less. 
Therefore, these other molar teeth serve as a useful comparison in checking the 
degree of wear found in the first molar. 

Not all teeth show the same wear pattern, due to differences in occlusion in 
the individuals. Figure 2 illustrates the different degrees of wear as seen from the 
ventral or crown side and from the anierior side. The stages shown represent the 
average amount of wear for individuals of each yearly group. The condition of 
the tooth in the young of the year is represented by the outer outlines. The 
cusps are high and pointed and the commissures are sharp and knife-like. In 
several of these skulls the third molar had not erupted. None of the teeth in this 
group showed any wear. 

Greater variation in wear is shown by all other specimens although a fairly 
clear break is evident between groups of various years. These groups will be 
referred to as the one-year-old bats, etc., but actually they may be from one year 
to 14 months of age, etc. 

In the one-year-old bats the greatest wear occurs on commissures 1-4, 2-4, 
2-5 and 3-5. Some is also evident on commissures 1-6 and 5-7. Cusps 4 and 5 
are somewhat more rounded and lower. The extent of this wear is shown in 
Figure 2. 

Flat surfaces in the two-year-old bats are worn the entire length of the above 
commissures and cusps 4, 5 and 6 are lower and more rounded (Fig. 2). The 
second molar tooth begins to show wear similar to that of the first molar in the 
one-year-olds. 

In the three-year-old bats the flattened surfaces are much extended, as shown 
in Figure 2. The crowns are much lower and more wear has taken place on 
commissures 1-6 and 5-7. Cusps 1, 2 and 3 are beginning to show wear. The 
second molar shows considerable wear in this group, and the third molar also 
shows narrow flat surfaces on the commissures. 

The cusps in the four-year-old specimens (Fig. 2) are all much reduced in 
height and more bluntly rounded except for cusps 1, 2 and 3 which have sharper 
cutting edges because of the wear. Even in this advanced stage of wear cusps 
4, 5 and 6 are still prominent and mesh closely with the lower teeth, which are 
worn in a complementary pattern. The second and third molars in this group 
also are considerably worn. There is a considerable amount of crown above the 
gum line of the first molar and the cusps are still high enough for longer service. 

No skulls showed more advanced stages of wear. This may be because the 
animals collected were in a breeding colony and the little brown bat may not 
breed at a more advanced age. On the basis of the rapid growth and development 
of the species a short life span would be expected, as pointed out by Andersen 

(1918). Allen (1940) had no record of longevity in this species exceeding three 
years. He did state that the fruit-eating bats live much longer. 

In recent years many bats have been banded, and as a result of this activity 
we now know the little brown bat attains an age greater than that shown in 
this study. Trapido (1946) records recovering an individual of this species 
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banded some five years previously and reports that Donald Griffin informed him 
in correspondence that he has made recoveries considerably exceeding this 
period. The sex represented in these recoveries is not given. Trapido (loc. cit.) 
also reports a vampire bat living 12 years and nine months in captivity, and the 
age of the bat when captured was unknown. Seven of the eight vampire bats 
that lived over eight years were males. It is not known whether males may be 
longer-lived than females. All of the adult little brown bats in this study were 
females. 

Cockrum (1949) reports three female little brown bats that were over five 
years of age, one five and one-half years, one six years and one eight years. As 
far as I know this is the greatest age recorded for a female of the species. There 
is no information about reproduction in these older individuals. There is a 
possibility that my sample, although large, did not happen to include any older 
individuals. 

Mohr (1953) reported longevity records for banded Myotis lucifugus from 
New England and Pennsylvania as many 10 years old, a few 11, 12, and 13, 
and one, 14. 

Based upon my above findings the 346 adult bat skulls were divided between 
the groups as follows: One year old, 114; two years old, 125; three years old, 90; 
and four years old, 17. There is no plausible explanation for the small number of 
one-year-old bats. It may have been due to weather conditions or food supply. 
Since sporadic attempts have been made to eliminate the colonies possibly 
the number of young for that year was reduced. 
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COMPARISON OF BEHAVIOR DEVELOPMENT IN SNOWSHOE HARES 
AND RED SQUIRRELS 


By Maraaret M. Nice, Constance Nice AND DoroTHEA EWERS 


On the afternoon of June 22, 1954, two very young Lepus americanus phae- 
onotus were brought to two of us (M. M. N., C. N.) at the Delta Waterfowl 
Research Station at Delta, Manitoba. Their weights the following morning 
were 51.6 grams for A, the male, and 45 grams for B, the female. Severaid’s 
(1942) weights of 39 new-born snowshoe hares ranged from 55 to 100 grams, 
averaging 72. MacLulich (1937) found that one of a litter of two weighed 49 
grams at two days, while in another litter of two, one weighed 58 grams at 
birth and the other 48 grams. 

We kept the leverets in a box with heat supplied by a chemical pad. We fed 
them on too weak a mixture of cow’s milk, water, and sugar and they lost 
weight. On the 27th, B died and two days later, A. Too late we learned that 
undiluted evaporated milk enriched with vitamins is the right diet for raising 
small mammals (Eibl-Eibesfeldt, 1953). While the little hares lived, they seemed 
well and active, and the development of their motor coordinations appeared 
worthy of record. 

In the matter of locomotion our hares matched Grange’s (1932) “Hare 11,” 
born in captivity and raised by its mother. During the first two days they walked 
for the most part. On the evening of the 23rd, A gave a few little hops and B 
gave many; the next day hopping was well established. The European hare, 
Lepus europaeus, at first creeps with little steps (Hediger, 1948). The California 
jack rabbit, Lepus californicus, does ‘not exhibit well-coordinated hopping 
activity until two or three days of age,” (Haskell and Reynolds, 1947). On 
June 24, A stood on his hind legs in the feeding box and jumped out over the 
12 cm. side, tumbling on his head; on the 26th B climbed out. On June 27 while 
in the lap of one of us, A scratched vigorously with both front paws, as if trying 
to dig a hole. MacLulich (1937) reported that varying [snowshoe] hares “certainly 
made and kept open holes through the snow, but they have not been seen digging 
holes in the ground.” The next day A sat up on his haunches like an adult instead 
of in his customary baby, crouching pose, and later he lay down on his side 
with one leg outstretched. The same day he gave a series of quick little hops inter- 
spersed with sharp turns, perhaps a fore-shadowing of the “play” of adult hares. 
This would seem to be analogous with “frolicking” in many young birds, which 
can be explained as ‘“‘emotion-disassociated fleeing movements,’”’ (Nice, 1943). 

As to comfort movements, both hares shook themselves vigorously after meals. 
On the 23rd, B stretched herself forward, then back. On this day and the next 
she scratched the side of her face with her left hind foot. The technique of wash- 
ing developed gradually. The leverets licked themselves and each other more and 
more as time went on. As to face washing, on the 22nd, B was noted licking one 
front paw; on the 23rd she washed her face with both paws, later wiping one 
paw over an ear. On the 24th she washed her face up to the base of her ears and 





' 
' 
| 





Feb., 1956 NICE ET AL—BEHAVIOR DEVELOPMENT 65 


on the 25th partly over one ear. A did as well as his sister on the 24th and the 
next day washed entirely over an ear. On the fourth day Grange’s hare “‘washed 
nose with fore paws much as adults do.” 

B made an early start on solid food. On the 23rd she chewed at newspaper 
and dried grass; on the 24th she worked on a fresh grass stem for three minutes, 
making marks on it with her tiny teeth, while on the 25th she actually ate a 
small leaf of lamb’s quarters. Could this very early appearance of chewing solid 
food have been correlated with malnutrition? The next day she was chewing 
again on dried grass stalks. A, on the other hand, was never seen to chew any- 
thing until June 28 when he started to work on dried grass and ate a few mustard 
flowers. Grange’s “Hare 11” was noted eating some lettuce on his 8th day. 
Severaid (1942) states “‘at about 10 to 12 days the young begin to feed on grass 
and other herbaceous plants.” California jack rabbits also in captivity, ate some 
solid food at about ten days and were weaned at three weeks, (Haskell and 
Reynolds, 1947). European hares, raised in the Zoo at Basel, started to eat 
dandelion leaves and other solid food at eight days; at 21 days they were taken 
from their mothers (Hediger, 1948). 

There was a strong bond between our two little hares; after hopping about on 
the floor or outdoors, they joined each other, cuddled together and licked each 
other. After B’s death we introduced A to some of the small birds in the labo- 
ratory. On the 27th he eagerly joined a group of baby ruddy ducks (Erismatura 
jamaicensis), pushed against them and started to lick them. The next day he 
vigorously licked a six-day old bittern, Botaurus lentiginosus, and also one and 
two day old soras, Porzana carolina, that were attempting to brood beneath and 
against him. Wallace Grange writes us that baby showshoe hares have a strong 
bond to each other, particularly in the first days of life; they sit close together 
and lick each other. A was evidently seeking a companion, and he was guided 
by sight and touch, not smell. 

The leverets accepted us as foster parents and would come to us and cuddle 
against us, but they never attempted to lick us. We never heard any sound from 
them. When hissed at, both froze on June 23, but the next day they tried to 
escape. On the 25th in response to a sneeze A crouched for several minutes; B 
moved a little, then crouched for about a minute. They liked to be against some- 
thing like a wall; B put her head under an open door but could not creep beneath 
it. 

Severaid (1942) writes of the newborn snowshoe hares: “All were dry within 
an hour. When disturbed they emitted a guttural sound very much like a growl. 
They jumped toward an extended hand as if attempting to scare it away. Each 
moved about freely then, but would hide its head underneath another or under 
a root, as if to provide an escape from the intruder.” We never saw this defense 
behavior, but it has been described in two other species. Young jack rabbits 
when molested ‘‘tended to spit and box,” (Haskell and Reynolds, 1947). Baby 
European hares give a sudden toad-like hop towards the hand, at the same time 
growling and trying to bite. The attack comes with lightning speed without 
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warning from a resting position, and has a vigor that one would not expect 
in a new-born animal; it is so unexpected, so amazing that one is always a little 
frightened (Hediger, 1948). 

To sum up, if, as seems probable from their weights and the stage of their 
motor coordinations, the hares were found the day they were born, then hopping 
was established at two days, digging appeared at five days, and frolicking at 
six days. Scratching the face with the hind foot and stretching were noted on the 
second day. Washing the face was fairly well established at three days. B chewed 
grass on the second day and swallowed green food when three days old; A was 
first seen to chew and swallow solid food at six days. These coordinations corre- 
spond well with published observations on hares of this and two other species, 
except for the very early appearance of eating with our hare B. 

In contrast to the fairly rapid development of these precocial hares, let us turn 
to the observations of one of us (D. E.) on the development of an altricial 
mammal. On April 14, 1940, five of a litter of seven Tamiasciurus hudsonicus 
loquax were brought in from South Bend, Indiana. 

The only standard for estimating the age of young red squirrels appears to be 
the paper by Svilha (1930a) which tells of two litters born in captivity and reared 
by their mothers. The first litter exhibited “retarded growth due to confined 
and disturbing conditions,’’ so it is only the second litter of four young (reduced 
by the author to three) that can be used for comparison with wild animals. The 
criteria are notes on pelage for five ages, weights at birth—7-8.3 grams, averaging 
7.5; and at 27 days—43, 45, and 50 grams; and the date of opening of the eyes— 
27 days. Layne (1954) based the ages of all the young red squirrels he captured 
on Svihla’s paper. 

The weights of the Indiana squirrels ranged from 19.3 to 22.9 grams the day 
after capture, (April 15), and from 25.2 to 30.5 on April 24, while the last squirrel 
weighed 48 grams on May 10. On April 14 their skins were dark grey with 
little fur except for a fine fuzz on top of the head; on the 22nd they were fairly 
well covered with fur. Since the eyes started to open on April 25 and were fully 
open on the 30th, we calculated that the squirrels were about 11-13 days old 
when captured, and this estimation seems corroborated by the development of 
the pelage. The weights also correspond well with those given by Layne for 10, 
21 and 38 days. 

An injured individual died on April 15, and another four days later; two were 
drowned April 25 and 26 while being fed; the fifth survived until May 20 when 
it died after being treated by a veterinarian for ulcer of the cornea. The squirrels 
were fed from a doll’s bottle with half evaporated milk and half water every 
three hours day and night until May 8 when feedings between midnight and 7 
AM were discontinued. Heat was supplied by a chemical pad. 

The lower incisors were first seen on April 22, the upper incisors on April 
27 (about 20 and 25 days). It was not until May 9 that solid food was taken 
(about 37 days). At first the squirrels whined incessantly when hungry, and if 
left too long, would give loud, prolonged squeals which rose to a crescendo and 
faded away again. By April 24 the whining had begun to change to a chirruping 
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sound and on May 8 this had become a grunting sound when the animal rooted 
about for food. 

As to comfort movements, shaking was first observed on April 21 (about 19 
days); during a feeding a squirrel shook its head and shoulders, the motion 
rolling downwards along the body. The next day each was observed to shake 
itself on various occasions. By April 20 they had begun to make scratching mo- 
tions, much like a dog “running in his sleep,” but it was not until the 23rd that 
one was seen to scratch its body with a hind foot and not until the 26th that 
one scratched with a forepaw. 

The first attempts at face washing were seen on May 5, but were not successful 
until the following day. Both forepaws were used. Seven days later the squirrel 
included his ears (about 40 days). On May 9 he sat up, helda piece of milk-soaked 
bread and ate it. On the 17th he was first observed to dig a little with his fore- 
paws before lying down. ? 

In the matter of locomotion, at first the animals could do no more than squirm 
about on their bellies. On April 22 (about 20 days) the largest of the three was 
observed up on his four feet twice during the day. Another crawled out of the 
basket. On April 26 the surviving squirrel was frequently up on his feet; by 
May 2 he was climbing about within his box, and the next day (about 31 days of 
age) he ran about quickly on four feet and sometimes hopped. On May 8 he 
attempted to escape from his box and injured his eye, an accident that led to 
his death 12 days later. 

These observations, summarized in Table 1, compare well with four studies on 
two other species of tree squirrels where the young were born in captivity and 
raised by their mothers. In the European squirrel (Sciurus vulgaris) lower inci- 
sors appeared at 23 days, eyes opened at 31-32 days, face washing was estab- 
lished at 36 days, solid food was first taken at 43 days, and weaning was complete 
at 54 days (Eibl-Eibesfeldt, 1951). In another study on this same species lower 
incisors appeared at 25 days, eyes opened at 29 days, solid food was taken at 36 
days, and weaning was not complete until 68 days (Frank, 1952). With the 
southern flying squirrel (Glaucomys volans) eyes opened at 25 days, solid food 
was taken at 38 days, and weaning was completed between 55 and 60 days 
(Luther, 1952). In another litter, eyes opened at 30 days, and weaning took 
place at about 61 days (Svihla, 1930b). 

In marked contrast to the slow development in these three species of tree- 
living squirrels is the time schedule of the Columbian ground squirrel, Citellus 
columbianus, (Shaw, 1925). The young are born blind, deaf, toothless and naked. 
Incisors first appear at 14 days and are clearly through at 19; hearing is estab- 
lished at 19 days; eyes open from the 19th to 22nd day; the young may emerge 
at 21 to 24 days; they hold grass and nibble it at 25 days, and are able to dig at 
28 days. They are usually weaned by 30 days and are then ready to shift for 
themselves. 

Here we have a conspicuous difference in the rate of development in four 
species of Sciuridae. The gestation period in the tree squirrels is “estimated at 
approximately 40 days” in the red squirrel (Layne, 1954); it lasted 38 in the 
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TaBLE 1.—Comparison of the development of a precocial and two altricial mammals. 
Parentheses indicate preliminary, incomplete performance 

















Snowshoe hare | Red squirrel | European hamster 
Days from: Days from: | Days from: 
pies | Sartet | mien | Sartot | inn | Start 

err 0 37 +18$ +58 

RE tavada ad dhe waeaa aon 0 37 27§ 67 14 33 
Lower incisors........... 0 37 +20 +60 0 19 
Upper incisors........... 0 37 +25 +65 0 19 
Shaking self.............. 1 38 +19 +59 10 29 
Scratching face.......... 1 38 +21 +61 (1)8 (20)27 
Wet TBO8. 6. cciccecas (1)3 (38)41 + (33)40 +80 (4)10 (23)39 
a ati 00 sori wind 5 42 +45 +85 (6)10 25)29 
Eo Seuhnse pean ee 0 37 +20 +60 (1)11 (20)30 
I cirucdesuteenaks (1)2 (38)39 +31 +71 18 37 
Taking solid food........ (3)8* (40)45 +37 +77 (6)14 (25)33 
, | IIR Peed ee +30*: Tt +67 +56 +96 (26 )30 (45)49 
Independence............ +30*: ft +67 +80 +120 +42 +61 








* = Grange (1932); t = Severaid (1942); t = Layne (1954); § = Svilha (1930a). 


European squirrel (Eibl-Eibesfeldt, 1951) and 39 in the flying squirrel (Luther, 
1952); but only 23-24 in the Columbian ground squirrel (Shaw, 1925). Weaning 
takes place in the tree squirrels at about 54-68 days, in the ground squirrel at 
30 days. If we count from the start of gestation, it takes from 90 to 120 days 
to launch one of these tree squirrels and only 54 days to launch this ground 
squirrel. Both in the prenatal and postnatal periods the Columbian ground 
squirrel develops almost twice as fast as the others. 

Let us compare the behavior development of three species on which we have 
detailed observations—the precocial hare and two altricial rodents, the red 
squirrel with its slow rate of development, and the European hamster (Cricetus 
cricetus) with a very rapid rate (Eibl-Eibesfeldt, 1953). Figures are given in 
Table 1 for first functioning of two senses, for eruption of the incisors, and for 
the appearance of various motor coordinations in number of days from birth and 
from the start of gestation. 

The data on the hamster (these are only a small sample of the coordinations 
listed) are based on observations of many young whose ages were exactly known; 
some were raised by their mothers, others by hand. Our data are scanty and 
based mostly on estimates; yet the estimates on our hares agree well with 
Grange’s observations, and Layne’s findings on red squirrels match well with 
ours for the ages of eruption of the lower incisors, scratching the face, walking 
and hopping. 

In all 3 species the motor coordinations follow much the same sequence of 
appearance. How long does it take for the squirrel and hamster to reach a state 
of development comparable to that of the hare at birth? If the dates of appear- 
ance of the earliest acquirements are averaged (i.e., sight and hearing, eruption 
of incisors, shaking, scratching the face, and walking), it takes some 61 days 
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from the start of gestation for the squirrel, and about 26 for the hamster, to 
attain the degree of development of the hare after 37 days. The average ages 
of attainment of later acquirements (hopping, washing the face, digging, and 
taking of solid food) are about 42 days for the hare, 78 for the squirrel, and 32 
for the hamster—all from the start of gestation. Taking the development of 
the hamster as our standard, the development of the hare is about 1.4 times as 
long, that of the squirrel about 2.4. The same time schedule applies to the time 
of weaning for the hare, but has dropped to 2.0 for the squirrel. As to inde- 
pendence, the red squirrel takes twice as long to reach it as do the hare, the 
hamster, and the Columbian ground squirrel. 

What are the factors influencing length of gestation? Four authors whom we 
have consulted all state that, generally speaking, gestation is longer with larger 
mammals than small; longer with well developed than poorly developed young; 
and longer with one or two young than with many. Bourliére (1951) and Hamilton 
(1939) mention delayed implantation, a quiescent stage through which the 
fertilized ovum passes, not unlike that in birds’ eggs between laying and the 
start of incubation. Needham (1931) says that in some species gestation ‘“‘is 
arranged to suit the grazing season.’”’ Heinroth (1908) considered long gestation 
periods as probably primitive and that this process has been accelerated in regions 
with many predators. The anoa, the smallest race of wild cattle, carries her 
calf a month longer than do her nearest relatives, and the babirussa carries her 
two young a month longer than do other species of Sus with large litters; both 
these animals live on predator-free Celebes. Pinnipeds are not hampered by the 
weight of the embryo as are land animals. 

It we test these conceptions on the animals we have been considering, we note 
that the precocial hare, more than seven times as large as the altricial squirrel, 
has a slightly shorter gestation period than the latter. The squirrel and hamster 
appear not to differ greatly in size, yet the gestation period of one is twice as 
long as the other. Thus in these animals, ranging in weight when adult from 
about 200 to about 1600 grams, there appears to be no clear correlation between 
length of gestation and the factors of precocity and size. Regarding number of 
young, the species with the largest litter has the shortest period: 6-8 young with 
the hamster (Eibl-Eibesfeldt, 1953), 4.5 with the squirrel (Layne, 1954) and 
about 3 with the hare (Severaid, 1942). 

Hare and rabbit furnish a good example of longer gestation producing more 
fully developed young. The cottontail (Sylvilagus floridanus) brings forth blind 
and naked young after 28 days. These are furred in a week; their eyes open at 
6-9 days; and they may venture from the nest at 12 days (Palmer, 1954) This 
development compares well with snowshoe hare development at the same time, 
counting from the start of gestation. 

Among the Sciuridae it is clear that tree squirrels develop more slowly than 
ground squirrels (Citellus). In Palmer (1954) four species of the former carry 
their young from 39 to 45 days, five species of the latter from 23 to about 32 
days. All are altricial. In the matter of size of the adult, the tree squirrels are 
both larger and smaller than the ground squirrels. Size in these animals is not 
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correlated with length of gestation. The tree squirrels evidently have somewhat 
smailer litters than the ground squirrels—about 1-6 young in contrast to 2-13. 
Nests in trees and hollows in trees would seem to be safer for the young than 
holes in the ground, safer both from predators and from inundation. Young 
tree squirrels need to develop more agility than do ground squirrels. The tree 
squirrels do not hibernate, while the ground squirrels do, some also aestivating 
in response to drought, spending almost three-quarters of the year underground. 

The thirteen-lined ground squirrel (Citellus tridecemlineatus) about half the 
size of the Columbian, has a less rapid rate of development: gestation, 27-28 
days; opening of eyes, 26-28 days; taking of solid food about 35 days, and inde- 
pendence at about 42 days (Wade, 1927). A litter of the Douglas ground squirrel 
(C. beecheyi douglasii) developed slowly: eyes opened at the end of the fifth 
week, two weeks later the young were getting out of the nest, and at the end 
of the eighth week they started nibbling grass (Edge, 1931). In the two species 
with the fastest development, C. columbianus, and C. townsendi, both adults 
and young spend from July to February underground. Two with slower rates 
of development, C. tridecemlineatus and C. richardsoni hibernate from fall till 
early spring. In the Douglas ground squirrel with its leisurely development, the 
adults retire in July, but the young stay abroad until September. There is a 
correlation here in these ground squirrels between a very short season and 
rapid development of young. Further adaptations of the Columbian ground 
squirrel to its brief season above ground are discussed by Shaw (1926). 

The eastern chipmunk (7 amias striatus) nests in burrows; its gestation period 
is about 32 days, and the eyes of the young open at about 31 days (Allen, 1938). 
Chipmunks may have two litters a year; some hibernate and others do not. 

The European hamster has two litters a year and hibernates. Another member 
of the Cricetidae—Microtus pennsylvanicus—has an even faster development. 
Gestation lasts 21 days, eyes open at eight days, young are able to run and hide 
at 12 days, are weaned at 12 days, and at 20 days are independent—41 days 
from the start of gestation (Bailey, 1924). All the other mammals considered 
in this paper first breed during their second spring, but female meadow mice are 
sexually mature at 25 days. These mice do not hibernate, and in the south they 
may breed throughout the year. Here a very vulnerable species survives by its 
very rapid development and extremely high breeding potential. 

Let us compare briefly gestation periods with incubation periods. How do 
the general “rules” mentioned for embryos of warm-blooded animals developing 
within the mother’s body apply to those developing outside it? 

Size sometimes plays a role, especially within a group, but often it does not. 
An extreme case of lack of correlation is shown by the 15 gram egg of the diving 
petrel (Pelecanoides urinatrizx) that takes 56 days to hatch out an altricial chick, 
in comparison to the hundred times larger egg of the ostrich (Struthio camelus) 
that takes 42 days to turn out a precocial chick (Nice, 1954). 

As to stage of development, when the rate of development is similar, altricial 
birds hatch sooner than precocials. 

It is difficult to see how size of brood could have any effect on length of incu- 
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TaBLE 2.—Gesiation and incubation periods of some mammals and birds. Weights in grams. 
A indicates altricial; P, precocial 








| | G | | | 
Weight of esta- | . | Incu- 
rte tg | Mammal | cs | Stage | Bird | a | Stage 
+1.4 White mouse 20 A Barn swallow 14.5 A 
Hirundo rustica 
+6.5 European hamster 19 A Spotted sandpiper 21 4 
Actites macularia 
Columbian ground 24 A Storm petrel 40 A 
squirrel Hydrobates pelagicus 
Thirteen-lined ground 28 A 
squirrel 
Red sauirrel 40 A 
+13 European squirrel 38 A Eared grebe 20.5 P 
Colymbus nigricollis 
Diving petrel 56 A 
Pelecanoides urinatriz 
+70 Snowshoe hare 37 P_ Peafowl 28 P 
Pavo cristatus 
Raccoon 63 A Gannet 44 A 


Sula bassana 





bation. In general, incubation is faster than gestation. Needham (1931, 1) suggests 
that the speeding up of incubation may have been partly due to difficulties of 
disposal of protein-waste in the “closed box” of an egg; it may also be associated 
with “the high temperature of birds.” If, however, we compare some mammals 
and birds of similar birth weight, but different rates of development, we find that 
some young may develop more rapidly in the uterus than in the egg, as shown in 
Table 2. 

One of the most striking features of this table is the contrast between slow 
and rapid rates of development in both these classes of vertebrates. The first 
comparison bears out the general rule that incubation is typically more rapid than 
gestation. In the second group one mammal develops faster than both birds; 
two develop faster than one of the birds, while the fourth mammal takes twice 
as long as one bird and the same length of time as the other bird. With young 
of about 13 grams, the mammal falls about half-way between the two birds. 
With 70 gram young the precocial hare is slower than the precocial peafowl and 
faster than the altricial gannet. The altricial raccoon is much the slowest of all 
four species. Interestingly enough, in each group the precocial bird takes mark- 
edly less time than the altricial bird, averaging about half as long. The prolonged 
incubations of the petrels and gannet do not appear to bear out Needham’s 
theory on the difficulties inherent in the “cleidoic” egg. 

A fundamental difference between gestation and incubation lies in the fact 
that, by and large, eggs are more exposed to dangers—predation, floods, fire, 
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nest parasitism, ete.—than are fetuses. The mammalian mother can flee to 
safety with her unborn young, but the bird has to abandon her nest of eggs. 
On the other hand, the situation of the eggs of petrels in burrows on islands may 
have been, until the coming of man and his satellites—cats, rats, dogs, pigs, 
goats, etc.—even safer than that of young carried in a mammalian uterus. 
Hence there would be little or no pressure from natural selection towards speeding 
up the rate of development. 

Lack (1948) suggests that the long nestling periods of “swifts and Procelarii”— 
petrels and albatrosses—, are not primitive as Heinroth believed, but may 
have been secondarily acquired as ‘‘an adaptation to a scarce and erratic food 
supply,” enabling the young to withstand periods of starvation that would 
be fatal to most young birds. It is true that young petrels in the Antarctic may 
be snowed in for many days at a time and yet survive. The theory is that evolu- 
tion slowed down the rate of cell division throughout the course of development, 
incubation as well as the post-egg period. 

One consequence of the rapid development of most avian young is that most 
birds nesting in temperate and arctic zones can complete the whole breeding 
cycle in spring and summer. Owls, however, have not speeded up their develop- 
ment; some large species meet the need of getting their young well on the wing 
by fall by laying their eggs in mid winter. 

Mammals constitute a less homogeneous class than birds. The reproductive 
devices of the monotremes, marsupials and placentals differ far more than 
any thing to be found in birds. Mammals differ in size far more than do birds. 
The blue whale (Balaenoptera musculus) of 136,200 kilograms (Andrews, 1954) 
weighs 59,000,000 times as much as the pigmy shrew (Microsorex hoyi) of 2.3 
grams. The ostrich (Struthio camelus) of 144 kilograms (Schneider, 1949) weighs 
only 63,000 times as much as the scintillant hummingbird, Selasphorus 
scintilla, of 2.25 grams (Hartman, 1955). Mammals have exploited more 
niches than have birds, for some are completely pelagic, some fly (yet build no 
nests), and some live almost entirely underground. Hence they have to adapt 
to a greater variety of conditions than do birds. Winter poses many problems; 
some mammals meet it with delayed implantation. The difficulties of summer 
drought are solved by some ground squirrels with a hurrying up of the develop- 
ment of the young. Vulnerability to enemies is compensated for in the meadow 
mouse by exceptionally rapid attainment of sexual maturity. It seems clear 
that questions of gestation periods are even more complicated than those of 
incubation periods. 

To sum up this discussion, it is evident that no simple rules will apply to 
either incubation or gestation periods. In the matter of size, a mouse weighing 
less than an ounce has a gestation period of 20 days, an elephant of four tons 
carries its young about 20 months, (Bourliére, 1951), but a blue whale of 150 
tons, only 10 months (MacKintosh, 1929). The crucial factor in the length of 
incubation and gestation periods (omitting the quiescent period in delayed 
implantation) is the rate of development of the embryo. This rate differs greatly in 
different orders and families and under different environmental pressures. One 
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factor that often appears to be of prime importance is the degree of danger to 
which the eggs and young are exposed. 


SUMMARY 


The development of motor coordinations during the first week of two snowshoe 
hares is described, as well as that of several red squirrels from about 12 to 48 
days. Comparisons are made with other studies on hares and squirrels and also 
on the European hamster. The sequence of appearance of behavior patterns 
proved to be much the same in the precocial lagomorph and the altricial rodents. 
Counting from the start of gestation, the development of the hamster is very 
rapid; that of the hare takes about 114 times as long, and that of the red squirrel 
more than twice as long. Tree squirrels develop more slowly than ground squirrels. 
The rate of development of these latter rodents—Citellus—seems to be correlated 
with the length of season above ground. Factors influencing incubation are 
briefly compared with those affecting gestation; the problems met by mammals 
are concluded to be more complex that those met by birds. Both classes show 
markedly different rates of development that have evolved in different orders and 
families and in response to different external conditions. 
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EATING, DRINKING, AND ACTIVITY PATTERNS IN PEROMYSCUS 
MANICULATUS SONORIENSIS 


By Rosert L. Frencu 


Since desert areas are largely devoid of surface water, i.e., drinking water, 
deer mice living there must depend upon free water in succulent foods and water 
formed in the oxidation of these foods to provide the water required for their 
body functions (Bailey, 1923). When drinking water is available to mice in the 
laboratory, their diet may be composed of much drier foods, and under such 
conditions the mice must visit the water supply as well as the food source. 

The purpose of the present study was to determine if any definite eating, 
drinking and activity patterns exist for captive Peromyscus maniculatus sonorien- 
sis, and if they exist, how they are changed under various conditions of water 
supply. 

Materials and methods.—Two special cages were constructed for the recording 
of drinking, feeding and general activity. Each cage consisted of a 12 x 8 x 6 
inches general activity chamber with smaller nest, food, and water compartments 
attached to its side and ends respectively. Each compartment was hinged and 
so held by springs that the weight of a mouse present in the compartment would 
swing it down and complete an electrical contact in line with a signal magnet. 
Movement of signal magnet pointers, indicating presence of a mouse in the 
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food, water or nest compartment, was continuously recorded on a Harvard long 
kymograph adjusted to give an 85 inch record in 23 hours. 

General activity was measured separately by suspending the entire cage from 
springs, and recording its movement, due to activity of the mouse, through a 
pulley system connected to a recording lever. 

Records were made for ten adult mice (4 females, 6 males) trapped in the 
Mojave Desert at Lovejoy Buttes, California. Prior to the making of the records, 
the mice were kept for eight weeks in individual stock cages, similar in shape to 
the activity recording cages in order to allow them to become accustomed to the 
cage, the Purina Chow and distilled water provided, and the laboratory climate, 
which averaged 24.7°C. (20.5-27.4) and 56.2 per cent relative humidity (51-60). 

Each recording of activity lasted 23 hours, from 1 pm to 12 noon, with a photo- 
period of 6 am to 6 pm. One or more measurements were made for each mouse 
under each of several conditions of drinking water supply. Food was always 
supplied ad libitum. 

Each record of feeding-drinking activity was analyzed for number of visits 
to the feeder and drinker, total time in each of these compartments, and sequence 
of visits. General activity records were visually assessed for time of activity, 
intensity of activity, and sequence of active and rest periods. The amounts of 
food and water consumed and body weight during the experimental runs were 
also recorded. 


OBSERVATIONS 


A tabular comparison of the conditions existing during the experiments and items re- 
corded during eating and drinking pattern studies is given in Table 1. 

A. Ad libitum water previous to and during recording periods.—When mice were allowed 
water ad libitum, approximately 90 per cent of the visits to the feeder and drinker took 
place during the hours of darkness (75 per cent between 6 pm and 12 midnight, and 15 per 
cent between 12 midnight and 6 am). Some animals ate and drank periodically, visiting 
each chamber several times during a few minutes, every 45 minutes, or every hour, while 
others showed no definite visiting patterns, i.e., more or less continual and irregularly 
spaced visits. A visit to the drinker usually accompanied visits to the feeder, the drinker 
being visited last or sometimes between two visits to the feeder, but there was no evidence 
that any definite sequential relationship between the two existed. In a few cases, when 
visits to the feeder and drinker occurred close together, the time lapse was less than one- 
half minute, but in approximately 80 per cent of the cases the time lapse was between 
one and four minutes. Occasionally a lone visit to the feeder or drinker would be recorded 
without a visit to the other chamber; the frequency of single visits to the drinker and 
feeder was approximately equal. 

B. Restricted drinking water, 30 per cent of normal ad libitum intake, previous to and 
during recording periods.—Mice placed on restricted water supplies lost weight, at least 
initially, the greatest loss occurring on the first day. Mice allowed 75 per cent of their 
normal daily intake lost 0.76 + .34 gm./animal, but within four days began to return to 
their initial weight. Before the mice could regain much weight they were placed on 50 
per cent of the normal daily intake, and they then lost 0.78 + .28 gm./animal from the 
previous lowest weight, or 1.54 gm./animal from the normal weight, and within six days 
began to regain weight. Again before the mice could regain much weight they were placed 
on 30 per cent of the normal daily intake, and lost a further 0.80 + .32 gm./animal from 
the previous lowest weight. After i2 days on 30 per cent, the mice stabilized their weight 
at a lower level which averaged 16.8 gm., compared to average normal weight of 19.1 gm. 
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On 30 per cent normal water intake a pattern existed as to the occurrence of the visits 
to the feeder and drinker. The animals visited the drinker during the light period (i.e., 
before 6 pm) until the water was gone, and usually several times thereafter without visiting 
the feeder at all. In eight of ten mice the water was entirely consumed in one or two visits 
within the first 20 minutes of the record. The other two animals visited and drank the 
water between the third and fifth hours of the run. When the mouse finally did visit the 
feeder a visit to the drinker would also be recorded soon afterwards (one minute), but after 
one or two of these futile trips (no water) the animal would visit only the feeder, and no 
visits to the drinker were recorded thereafter. 

No animal was consistent as to the number of visits to the drinker, but when an animal 
visited the drinker less than ten times it usuaily did so before 6 pm, and then not again 
for the entire run. When an animal visited the drinker between ten and fifty times it did 
so as late as 2 am. In no instance was the drinker visited after 2 am. 

C. Thirty per cent normal water intake previous to recording period, no water during re- 
cording period.—Animals that had previously been kept on a restricted water supply of 
30 per cent of the normal intake, when placed in the experimental cage and given no water, 
lost an average of 0.94 + .15 gm./animal in one day to an average weight of 16.6 gm. When 
placed in the experimental cages, the mice ran to the drinker as accustomed when on the 
30 per cent water supply, but finding no water, would go to the nest chamber. The mice 
then visited the drinker, approximately every 45 to 60 minutes before 6 pm. Shortly after 
6 pm a series of visits to the feeder was recorded, each being accompanied by visits to the 
empty drinker. Thus feeder and drinker visits (during the dark hours) occurred mostly as 
on ad libitum supply, and at similar intervals, but with a few scattered, paired visits 
occurring in the morning hours (6 am to 10 am). 

D. Ad libitum water previous to recording period until normal weight regained, then ad 
libitum water during recording period.—Animals that had previously been on the 30 per 
cent daily water supply, when placed on ad libitum water and food, regained their initial 
weight within 24 hours. During this first 24 hours the average water intake was 6.75 (range 
9.78-5.88) gm./animal. One animal was observed to run directly to the drinker, and drink 
continually for three m‘nutes, drinking 1.91 gm. of water. Feeder and drinker visits were 
similar to previous rec~rds in Experiment A. 

E. Ad libitum water previous to recording period, no water during recording period.— 
Animals previously given food and water ad libitum lost considerable weight when sud- 
denly given no water. The average body weight loss for the one day of deprivation was 
1.51 + .63 gm./animal. The relationship of visits to the feeder and/or drinker differed from 
Experiments A and D in that each feeder visit was accompanied by more than one drinker 
visit; usually two or four drinker visits accompanied each feeder visit, and only a few 
times were visits to the feeder recorded without visits to the drinker. 

Observations on patterns of general activity—Animals on ad libitum food and water 
supply were active mostly at night. Approximately 90 per cent of the total 23 hours activity 
took place during the dark hours (6 pm to 6 Am), 75 per cent between 8 pm and 4 am. Activity 
at night took place almost continually, with only infrequent periods of inactivity. The 
frequency of the cage movements and magnitude of the record varied throughout the 
night, with the greatest intensity being between 10 pm and 2 am. This activity presumably 
included running and jumping, since the magnitude of the record indicated vigorous move- 
ment of the cage. 

Animals given only 30 per cent of the daily normal water intake for 30 days, showed a 
decrease in the frequency, magnitude and total amount of their general activity to about 
50 per cent of normal. Activity still took place 90 per cent at night, 75 per cent between 
8 pm and 4 am, but occurred only at periodic intervals of approximately 20 minutes dura- 
tion every hour during the night. 


DISCUSSION AND SUMMARY 


Peromyscus maniculatus sonoriensis appears to have considerable ability to 
maintain constant body weight, for only when water intake was reduced to 
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30 per cent of normal were the mice unable to maintain normal weight, although 
they were able to stabilize their weight at a lower level. Chew (1951) found that 
P. leucopus noveboracensis required 39 per cent for normal weight balance, so 
the desert peromyscus may have greater ability in this respect. Mice returned 
to an ad libitum supply following restriction to 30 per cent, regained their original 
normal weight within 24 hours, recovery being accompanied by a high water 
intake, 6.75 (5.86-9.78) gm./animal during the first 24 hours, which coincides 
with the findings of Adolph (1947) that the rate of water intake in rats is pro- 
portional to its deficit below the normal water level. The water intake remained 
high for several days, but probably would have returned to the normal level, as 
reported to take place by Chew (1951), if measurements had been continued for 
a longer period. 

If P. m. sonoriensis is to maintain constant weight there must be an adequate 
supply of both food and water. During all of the experiments the mice were 
given food ad libitum, but reduced their food intake when water was restricted. 
Bellows (1939) has shown that saliva is important in swallowing. Possibly the 
mice under study were unable to produce the normal amount of saliva and 
therefore had to decrease their food intake. This smaller intake of food probably 
did not hinder the bodily processes because of greater food utilization, since 
in general, for mammals, the less food consumed the higher the utilization of 
that food, within limits. In cases where no water was given, the mice still ate 
some food, although a reduced amount, indicating that drinking water is not 
necessary for moistening of food. Adolph (1933) in studying salivation of humans 
subjected to a desert environment, found that salivation decreased with dehy- 
dration of the body. Presumably, on complete deprivation of water, the animals 
previously adjusted to the 30 per cent supply could not secrete the necessary 
saliva and other digestive secretions for the ingestion and digestion of more 
food. The group of mice previously on ad libitum water and not in the state of 
dehydration, temporarily may have been able to supply more water for these 
juices. 

The ratio of food intake to water intake on ad libitum water supply was .95 
gm. food/1 gm.water, and on the 30 per cent restricted supply, 2.08 gm. food/ 
1 gm. water. The ratio obtained on the latter group may not be explained in 
terms of the animal attempting to maintain osmotic and ionic equilibrium by 
keeping the ratio of water to food intake constant under all conditions, as 
reported by Bing and Mendel (1931) and Strominger (1947), but may be ex- 
plained by other physiological mechanisms. These may be decreased activity, 
devouring of fecal material (both of which were observed in the present experi- 
ments) and other responses such as the higher utilization of food eaten. This 
quite possibly may have occurred and could account for these varying ratios. 

Patterns of eating and drinking—With an ad libitum water supply, some of 
the mice showed a fairly constant pattern as to the number of visits to the 
drinker, but no overall conclusion can be drawn as to the number of visits or 
total time spent there for mice in these experiments. When placed on the 30 per 
cent water supply the animals increased their average number of visits to the 
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drinker and decreased the total time spent there, but again each mouse was 
variable. Evidently each mouse would visit the drinker according to his own 
needs and drives, which undoubtedly varied with each mouse and also for one 
mouse from day to day. The occurrence of an increase in total time spent at the 
drinker may indicate that water reduction, presumably by increasing thirst, 
increases the mice’s activity at the drinker. The total number of visits to the 
feeder were more consistent than visits to the drinker, but the time spent per 
visit at the feeder decreased, presumably because less time was required to eat 
the smaller amount of food eaten under these conditions. It may be that as 
long as food is available when desired, the mice are able to retain their eating 
patterns, although drinking patterns are altered. 

General activity patterns—-Records of activity show that P. m. sonoriensis is 
definitely nocturnal. Since temperature, humidity and disturbances were rela- 
tively constant in the laboratory during the day and night, this nocturnal 
rhythm must have been conditioned by the photoperiod or by internal rhythms. 
The definite reduction in activity when placed on restricted water supplies is 
contrary to the observations of Wald and Jackson (1944) on white mice, and 
Calhoun (1945), who found that activity of Sigmodon and Microtus increased 
immediately following sudden restriction of water supplies, but similar to the 
results of Bing and Mendel (1931) who reported white mice to be dull and in- 
active in their cages after continued periods of restricted water supplies. The 
lowered body weight and decrease in food intake incident to the restricted water 
supply, may limit the mice’s capabilities to carry on normal activity. 

Acknowledgement.—I am indebted to Dr. Robert M. Chew under whose 
guidance this work was carried out. Data contained in this paper were submitted 
to the Graduate School of The University of Southern California, Los Angeles, 
in a thesis for the partial fulfilment of the requirement for the Degree of Master 
of Science. 
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ZOOGEOGRAPHY OF THE MONTANE MAMMALS OF COLORADO 
By James S. FinpLeY AND SYDNEY ANDERSON 


In Colorado the distribution of montane or boreal habitats is at present closely 
associated with the local climate produced by the mountains. Peculiarities of this 
habitat are high precipitation, both in winter and summer, cool temperatures, a 
continuous water supply and a coniferous forest. Certain mammals are more or 
less restricted in geographic range, in this part of the continent, to the mountains. 

In Pleistocene time the distribution of boreal habitat and hence of boreal 
mammals has undoubtedly fluctuated widely with the advances and retreats 
of continental and alpine glaciers. The contemporary pattern of distribution is, 
at least in part, a result of the most recent major glacial advance and retreat 
which took place in the Wisconsinan Age. It seems probable to us that most 
contemporary subspecies have differentiated in late Pleistocene time; otherwise 
the frequent correspondence of their ranges with current topographical and 
ecological features, which stem from late Pleistocene events in many cases, seems 
inexplicable. In the western United States the Boreal Zone is found at higher 
and higher elevations as one proceeds southward until it is scattered on isolated 
mountain peaks. The presence of isolated populations of boreal mammals on 
some of these mountains is evidence of a former displacement southward and 
downward in altitude of the Boreal Zone in a glacial age, presumably the Wis- 
consin, and subsequent elevation of the Boreal Zone in altitude and latitude in an 
ensuing interglacial interval, presumably the Recent. These southern, marginal 
populations would have been the first to become isolated with the retreat of 
the ice. 

The separation of boreal habitat in the mountains of Colorado from boreal 
habitat in the Uinta and Wasatch Mountains of Utah and the mountains of 
northwestern Wyoming is probably of later origin than is the isolation of the 
southern boreal “islands.” We have studied the boreal mammals of Colorado in 
their relation to those of Utah and northwestern Wyoming. These mammals may 
be grouped according to the pattern of their variation and distribution as follows: 

Group I.—Rare, extinct, or insufficiently known to use in this study: Alces 
americana, Ovis canadensis, Lepus americanus, Sylvilagus nuttallit, Phenacomys 
intermedius, Mustela erminea, and Gulo luscus. 

Group I1.—Occurring only north and west of the barrier formed by the Wyo- 
ming Basin and the Green River (Fig. 1): Hutamias amoenus, Glaucomys sabrinus, 
Microtus richardsoni, and Martes pennaniti. 

Group III.—Occurring only southeast of the above mentioned barrier: Sciurus 
aberti. 

Group IV.—Occurring in the mountains of northwestern Wyoming and the 
mountains of Colorado as a single subspecies; this group includes eight of fifteen 
species that occur on both sides of the barrier shown in Figure 1: Sorex cinereus, 
Sorex vagrans, Sorex palustris, Clethrionomys gapperi, Microtus montanus, Micro- 
tus longicaudus, Zapus princeps, and Erethizon dorsatum. 

Group V.—Occurring in the mountains north of the Wyoming Basin and the 
mountains southeast of the basin, but as different subspecies: Martes americana, 
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Fig. 1.—The distribution of the Boreal Zone (diagonally lined) in Wyoming, Colorado, 
and Utah. The major barrier (consisting of the Wyoming Basin and the Green River) sepa- 
rating the boreal habitat in Colorado from the mountains of Utah and northwestern Wyo- 
ming is shown. 


Marmota flaviventris, Citellus lateralis, Eutamias umbrinus, Tamiasciurus hud- 
sonicus, Microtus pennsylvanicus, and Ochotona princeps. 

In Figure 1 we have mapped the distribution of boreal habitat and the barrier 
discussed. We note that the arboreal species, namely, the two tree squirrels, 
the flying squirrel, the marten, and the fisher, occur either on one side of the 
barrier only or else have distinct northern and southeastern subspecies. The other 
species that occur only on one side of the barrier or that have separate sub- 
species on the north side and on the southeast side of the Wyoming Basin are: 
Marmota flaviventris, Ochotona princeps, Microtus richardsoni, Microtus pennsyl- 
vanicus, Citellus lateralis, and two species of Eutamias. The species named im- 
mediately above and the arboreal species (in comparison to the next group of 
species to be discussed) seem to be relatively restricted in the range of habitats 
that they utilize. The pattern in the chipmunks is complicated by other species 
of less montane chipmunks whose presence may act as a biological barrier. The 











82 JOURNAL OF MAMMALOGY Vol. 37, No. 1 


red squirrel, the marten, and the golden-mantled ground squirrel have popula- 
tions in Colorado and northern Utah that are alike and differ from corresponding 
populations on the northern side of the Wyoming Basin. 

The species that have a single subspecies occurring on both the north side 
and the southeast side of the Wyoming Basin are as follows: three species of 
shrews, three microtines, the jumping mouse, and the porcupine. The porcupine 
is a ubiquitous creature, prone to wander. The other seven species are small 
mammals which may migrate by way of narrow avenues found along stream- 
courses where the water draining from montane areas supports growths of brush, 
scrub willow, and grasses and sedges. Furthermore, these species do not seem to 
be dependent upon forests or forest-edge communities. If the montane mammals 
here dealt with are arranged in order of their decreasing dependence upon mon- 
tane conditions it is seen that those kinds appearing early in the list are those that 
occur only on one side of the barrier shown in Figure 1 or those that have distinct 
northern and southeastern subspecies (that is, belong in Group V). Those that 
appear later in such a list are in general those that are subspecifically the same 
north and southeast of the Wyoming Basin (Group IV). It might be concluded 
that montane meadow and streamside habitats connected the southern and 
central Rockies across the Wyoming Basin long after they ceased to be con- 
nected by continuous forests. The red-backed mouse, Clethrionomys, is restricted 
to the forested areas of the mountains more than the other species. Investigation 
of the most recent work on Clethrionomys (Cockrum and Fitch, Univ. Kansas 
Publ., Mus. Nat. Hist., 5: 283, 1952), reveals that these authors regarded north- 
western Wyoming and the Bighorn Mountains as centers of incipient subspecies. 
Judging by their comments on C. gapperi galei and on C. g. uintaensis in Utah 
we feel that the four populations, (1) in the Uinta Mountains, (2) in north- 
western Wyoming, (3) in the Bighorn Mountains, and (4) in northern Colorado, 
are differentiated from one another and might be regarded equally well as one or 
as four subspecies. The latter supposition would place them in Group V and would 
obviate the seeming inconsistency. 

On the basis of the information presented above it seems that: (1) The ranges 
of montane species are correlated with their dependence upon special habitats; 
the more dependent species are more restricted in range, both locally 
and regionally. (2) The more dependent, and therefore relatively restricted, 
species show more differentiation on opposite sides of the Wyoming Basin than 
the species that are less restricted. (3) The closest affinities of the boreal mammals 
in the Rocky Mountains of Colorado are with the borcal mammals of the Uinta 
Mountains across the Green River Canyon rather than with those of the central 
Rocky Mountains to the north of the Wyoming Basin. (4) The discontinuity in 
the boreal forest produced by the erosion of the Green River Canyon has become 
important as a barrier to montane mammals later than the discontinuity caused 
by the desiccation of the Wyoming Basin. 


Department of Zoology, University of New Mexico, Albuquerque, and Museum 
of Natural History, University of Kansas, Lawrence. Received February 6, 19565. 
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NORTHERN FUR SEAL IN THE INSIDE COASTAL WATERS OF 
BRITISH COLUMBIA 


By J. I. Manzer anp I. McT. Cowan 


As far as it can be determined from the literature dealing with migration and 
distribution of the species, only four northern fur seals (Callorhinus ursinus) 
have been reported from inside coastal waters of British Columbia. Three tagged 
seals, age six to ten months, were found dead on the beaches near Vancouver 
(Kenyon and Wilke, 1953); a fourth seal, a white-whiskered cow, was observed 
in the same area during April, 1950 (Anon., 1954). During the past few years, 
however, several reports have been received, some of them made as early as the 
nineteen-thirties, which provide additional evidence that seals enter inside 
waters. It seems appropriate to report these occurrences and thus add to what 
is already known about the migratory habits of the species. The paper also affords 
the opportunity to make available measurement data of two yearling seals 
examined in January, a month when members of this age-group are extremely 
difficult to obtain. 

Acknowledgments.—A number of individuals have contributed observations 
presented in this paper. In particular, special thanks are due M. E. Lohbrunner, 
former pelagic sealer and retired licensed fur-buyer; J. Stokes and W. Winsby 
of the Department of Fisheries of Canada, biologist and inspector, respectively; 
G. Johnson and R. Kelly, fishermen; and R. 8. Hayes, Game Warden. 

Methods.—The paper is based on authentic sight records of 65 + fur seals and 
examination of another 13 dead or dying individuals washed up on the beaches 
or accidentally killed. The method of measuring total length, hind flipper length, 
condylobasal length and mastoid width was similar to that described by Scheffer 
and Wilke (1953). The total length was measured to the nearest half-centimeter; 
and the other variates to the nearest millimeter. The weights are live weights 
recorded to the nearest half-pound and converted to the nearest one-tenth 
kilogram. 

Occurrence of fur seals.—Table 1 shows in chronological order the observations 
of fur seals in inside coastal waters of British Columbia. Individuals were sighted 
between Tuck Inlet, in the north, and the Fraser River and eastern end of Juan 
de Fuca Strait, in the south. In waters north of Queen Charlotte Sound, seals 
were seen during the early part of 1954 in larger passages and inlets. The largest 
concentration, “about two dozen” individuals, was reported off Butedale, located 
in Fraser Reach. In all probability seals have been observed in northern waters 
before, but not reported. In southern waters, seals were seen in the northern and 
southern approaches to the Strait of Georgia as well as in the Strait. In the 
Strait of Georgia, fur seals were seen in several years but always in approxi- 
mately the same areas, the upper and lower ends. In January 1955 about 20 were 
reported in waters adjacent to Cape Mudge and in Sutil Channel. None has been 
reported from between the latitudes of Cape Lazo and Burrard Inlet, even though 
boat traffic through these waters is heavy. 

Except in two instances, only solitary seals were seen. This tendency for 
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TaBLe 1.—Records of northern fur seals in inside coastal waters of British Columbia 





| 





Year Month | Number Location Remarks 
i 
About 1930 July 1 Between Cape Lazo and 
Cape Mudge 
About 1937 June 1 Off Sooke Taken by Indian hunters. 
1 Off Race Rocks Shot. Mistaken for hair 
seal. 

1939 July 1 Goose Islands Yearling. Female. 

1946 Nov. 1 Kye Bay, East coast of Juvenile. Sex unknown. 

Vancouver Island Skin deposited in Mu- 
seum of Zoology, 
G. B.S. 

1947 ? 1 Between Ten-mile Pt. White-whiskered female. 

and San Juan Islands 

1948 Jan. 2 Fraser River near Yearlings. One, a female, 

Steveston taken alive. Skeleton 
deposited in U. B. C. 
1950 ? 1 Cortes Island Carcass washed ashore. 
1952 Jan. 1 Sutil Ch., 2 mi. south of 
Stuart Island 
Feb. 1 Broughton St., 1 mi. Shot. Mistaken for hair 
N.E. of Beaver Cove seal. Small female. 
1 Knight Inlet near Pro- Shot. Mistaken for hair 
tection Pt. seal. Small female. 
1 Blackfish Sd. 
1953 Aug.- 1 Between Green Sea Bay, Six different reports of a 
Sept. 1 Discovery Passage, small seal in this area. 
and Cape Mudge. In all probability re- 
ports concerned same 
individual. 
Sept. 1 Sargeaunt Pass Travelling south. 

1954 Jan. 5 Tuck Inlet Yearlings. Four dead. A 
fifth, a male, captured 
for display in Zoo. 
Died. 

1 Port Edward Yearling. Washed ashore 
Dead. 
1 Outside Prince Rupert Yearling. Washed ashore 
Harbour Dead. 
1 Pitt Pt. in Grenville Ch. “‘Small-sized’’. 
Feb. 1 Bella Bella Yearling. 
Feb. i Fitzhugh Sd. Yearling. 
1 Beaver Cove 
1 Prince Rupert Harbour Yearling. 
Mar. 1 Cramer Passage 
“About Butedale Small size and observed 
2 doz.”’ individually. 
1955 Jan About 20 Near Cape Mudge andin 2 killed. Size not re- 


Sutil Ch. 


ported. 
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seals to be found singly while at sea appears to be the rule rather than the ex- 
ception, and has been observed by Wilke (1951) and other fur seal biologists 
(Anon., 1954) when conducting pelagic research in the North Pacific Ocean. 

The number of seals reported in any one year, with the exception of 1954 and 
1955, has never exceeded four. In 1954 between January and March at least 
35 were seen, all but one in northern waters. That the incidence of seals in British 
Columbia waters was generally greater in that year was also expressed by 
Canadian Department of Fisheries personnel when comparing the number of 
seals seen in 1954 with that in other years. Size reports and carcasses found on 
the beaches indicate that these seals belonged to the pup-class of the preceding 
summer. On the basis of ten tags recovered from dead seals from Oregon to 
Alaska, this year-class is known to have been subject to high mortality that 
resulted from storm action (Kenyon and Wilke, 1954). Scheffer (1950) reports 
unusual numbers of seal carcasses along the coasts of Washington and Oregon 
during January and February, 1950, subsequent to a long series of storms. Mete- 
orological data for the northern part of the province show that during the winter 
of 1953-54 the frequency of winds of gale force was above average, and it seems 
likely, therefore, that seals reported from the British Columbia coast in winter 
represent storm-weakened animals that had found shelter among the coastal 
islands. 


Seals were seen in all months but April, May, October and December (Table 


TABLE 2.—Seasonal occurrence of northern fur seals in inside coastal waters of 
British Columbia 








Month Number | Location | Remarks 
Jan. 31 Fraser River, Tuck Inlet, Excluding one ‘‘small-sized” 
Pitt Pt., near Cape Mudge individual off Pitt Pt. 
and in Sutil Ch. and seals seen near Cape 


Mudge and in Sutil Ch., 
all animals were yearlings. 
Feb. 6 Beaver Cove, Knight In., 2 were small females. 
Blackfish Sd., Bella Bella, 
Fitzhugh Sd. 


Mar. 1+ “about Cramer Passage, Butedale Seals off Butedale were 
2 doz.” small sized. 

April nil 

May nil 

June 2 Race Rocks, Sooke 

July 2 Between Cape Lazo and One, a yearling female. 
Cape Mudge, Goose Is. 

Aug.-Sept. 2 Between Green Sea Bay and One, a yearling. 
Cape Mudge, Sargeaunt 
Passage 

Oct. nil 

Nov. 1 Kye Bay Juvenile. 

Dec. nil 

Unknown 2 Between Ten-mile Pt. and One, amature female. 


San Juan Is., Cortes Is. 
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2). Excluding 1954 data, most were seen during January and February. One 
July taken specimen was a yearling in excellent condition and was probably 
merely an animal that had not migrated with most members of that age group; 
other summer records can be explained similarly. The winter occurrences co- 
incide with the southward movement of the seals from their northern breeding 
colonies. 

Measurement data for two yearlings, a female collected January, 1948 in Fraser 
River and a male collected January, 1954, in Tuck Inlet, follow: Weight, F. 7.3 
kg.—M. 7.9 kg.; total length, F. 72.5 em.—M. 73.0 cm.; hind flipper to heel length, 
F. 240 mm.—M. 265 mm.; condylobasal length F. 144 mm.—M. 149 mm.; mastoid 
width, F. 88 mm.—M. 89 mm. Comparing these data with those given by Scheffer 
and Wilke (1953) for the pup and yearling age-groups examined on the Pribilof 
Islands, it was found that our animals fall into the first year age-group, except 
that the male is, in total length, undersized; indeed it falls into the length cate- 
gory of newborn. The female, on the other hand, has a mastoid width greater than 
that of a 14% year animal. 

Discussion.—The occurrence of fur seals in inside coastal waters of British 
Columbia appears to be rare and limited mainly to immature individuals. Within 
the past decade, however, they have been observed more frequently. This may 
be due partly to better recognition of fur seals by fishermen and other mariners. 

Three factors can be responsible for the occurrence of seals in inshore waters 
along the British Columbia coast: increased vagrants from a herd of maximal 
size; aberrant or unusual migratory behaviour leaving animals in southern waters 
during the summer; and storm driven waifs finding shelter during the mid-winter 
period. There is also the possibility of changed distribution of the younger age- 
groups in the wintering herd. Future observations of fur seal occurrence corre- 
lated with weather conditions will help to elucidate these possibilities. 
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PARTURITION IN APLODONTIA 
By Howarp M. CramsBuer AND RicHArRp L. RipENHOUR 


During a study of the mountain beaver (A plodontia rufa) in Humboldt County, 
California, the writers were able to observe the process of parturition and to 
obtain information on early stages of post-natal development. In February and 
March, 1954, several mountain beaver were trapped along the bank of the Mad 
River near Arcata. Number “0” jump traps, padded with sponge rubber, were 
used to trap the animals alive and in good condition. 

On March 15, 1954, a female (Pl. I) was caught by the right rear leg. Palpation, 
at the time of capture, indicated she was about one week prepartum. Determina- 
tion of the prepartum period was made by the comparison of fetuses of rodents 
of comparable size. 

The animal was placed in a 36 x 48 x 15 inches high wire mesh cage. A nest 
box with a hinged top was attached to the cage so that the animal could be 
observed in the cage or nest box. The cage was placed in a room in the science 
building at Humboldt State College. All observations were conducted in diffused 
light to preclude undue agitation of the animal. 

The animal was checked every few hours for indications of birth activity. 
On March 19, she was observed to be lactating slightly. On March 20, her cage 
was cleaned and supplied with fresh grass. The female carried this grass into the 
nest box and started arranging it carefully. She spread it on the bottom of the 
box then tamped it with the front feet. Any excess fronds sticking out were 
bitten off and eaten. Large hard pieces of grass were also eaten. 

Close observation was started at 9:00 pm, March 20, and ended at 1:00 Am, 
March 21. The animal showed extreme unrest and searched diligently for an 
escape route. She would leave the nest box, move around the cage, stop for a 
bite of food, resume her search, then return to the nest box where she would go 
into a period of rest. During these periods of rest, she would, at times, lie on her 
side or back. Wave-like contractions of the abdominal muscles were apparent as 
were the movements of the fetuses. Weak groans accompanied the spasmodic 
muscle movements. Much the same action was observed on March 21, from 
10:00 am until 1:00 am of March 22. 

Observations were made on March 22, from 1:30 pm until 12:45 am of March 
23. At 7:10 pm she started pressing her forefeet to the genital region and gnashing 
her teeth. These actions occurred over a period of one and one-half hours and 
varied in duration from two to eighteen minutes. The animal spent the interim 
time in washing thoroughly or eating a few bites of food. Fetal movement was 
observed just anterior to the vaginal opening. The animal groaned softly dur- 
ing periods of rest; all activity was brief-lived. 

Continued observations were started again at 5:00 pm on March 23. The female 
aroused every few minutes and spent from thirty seconds to five minutes washing 
herself thoroughly in the region of the genital organs. Between washings she ap- 
peared to sleep but spasmodic jerks were seen and low groans were heard. 

At 7:39 pm she turned on her left side and started washing the genitals again. 
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PLATE I 
Tor: Captive female Aplodontia before birth of young. Borrom: Young A plodontia 
four days after birth. Toe-clipped on left forefoot 
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She rose to a sitting position, then rolled back on her haunches with her back 
resting against the side of the nest box and her head lowered between her hind 
legs. At 7:40 pM, the first fetus appeared, tail first. She assisted the birth by 
pressing around the vaginal opening with her forefeet and by licking the region. 
She did not appear to use her teeth. The birth of the first fetus was completed 
at 7:44 pm. The young emitted short squeaks not unlike the sound of a small 
rusty hinge. 

The washing of the genitals, interrupted by the washing of the young, was 
continued. At 8:05 pm, the second fetus appeared head first and was ejected 
at 8:10 pm. At 8:11 pM, the third fetus appeared tail first and was ejected at 
8:12 pM. 

The young were not born in a sack or covering and the extended washing was 
apparently to remove the placental fluid. The severing of the umbilical cord and 
the disposal of any placental tissue was not observed. After washing the three 
young thoroughly, the female went into what appeared to be a deep sleep lasting 
about twenty minutes. During this time, she moved enough to allow the observers 
to see that the young were nursing. Then she awoke, washed the young again, 
and relapsed into a period of rest and sleep that was interrupted at intervals dur- 
ing which she cleaned the young. 

The long period of time between the birth of the first and second fetus and the 
short period between the second and third fetus possibly may be attributed to 
the construction of the reproductive organs. In the organs examined, preg- 
nancy occurred in both fallopian tubes with one fetus on one side and two on 
the other. There might possibly be a lag between the descent and appearance 
of the fetus from one tube and the descent and appearance of the fetus from 
the opposite tube. 

The young at birth were naked, blind and helpless. Although the vibrissae 
were observable, the auricular openings were sealed, with the external ear forma- 
tion observable but not extended. The front toes were well developed but the 
hind toes were mere stubs. The tail was very noticeable. 

On March 24, one young was removed at 12:10 pm, weighed and measured. 
Its weight was 25.5 grams. Its total length was 70 mm. from snout to rump on a 


TaBLE 1.—Growth record of young Aplodontia. Length measured from snout to rump over 
curved surface 











No. 1 No. 2 No. 3 
Date 
Length mm. | Weight Length mm. | Weight | Length mm. Weight 
March 23 Born Born Born 

24 87 29.5 gm. 90 26.5 gm. 85 25.0 gm. 
25 90 28.0 88 25.5 90 24.7 

26 94 28.6 93 26.1 94 25.9 

27 98 28.7 96 26.1 99 25.6 

28 101 26.5 98 24.3 102 23.8 

29 25.2* 





* Weights taken after death. 














90 JOURNAL OF MAMMALOGY Vol. 37, No. 1 


flat surface. At 9:30 pm, all the young were removed, marked by toe clipping and 
measured. The mother did not harm the young when they were returned to the 
nest, but she did wash them completely. Table 1 gives the weights and lengths 
taken from the time of the toe clipping until their death on the sixth day after 
birth. The cause of death was not determined. 

Photographs were taken daily at the time of weighing and measuring (PI. I). 
One-quarter inch graph paper was used to indicate size. 

Acknowledgments.—Acknowledgment is gratefully given to Drs. Daniel Brant, 
Giles M. Sinclair, Raymond F. Dasmann and Charles F. Yocom, all of whom 
are members of the Humboldt State College staff, for their assistance in making 
the observations possible and for their aid in preparing this paper. We thank 
Mrs. Leone D. Cramblet for assisting us in our observations and clerica: work. 


Humboldt State College, Arcata, California, and Iowa State College, Ames. Received April 
4, 1966. 





SARCOPTIC MANGE IN WILD FOXES IN PENNSYLVANIA 
By Lorenzo B. Pryor 


Coincident with the high fox populations of the mid-40’s, farmers, hunters, 
and field officers of the Pennsylvania Game Commission reported many cases of 
mange in foxes. This was particularly noticeable to poultrymen because many 
of these infested animals would turn to barnyard fowl for sustenance once their 
weakened condition prevented them from catching their usual wild prey. Many 
of these scabby, hairless animals were finally dispatched with shovels, hay forks, 
or any other convenient weapon. 

Many of the early specimens were examined, and the sarcoptic manage mite 
(Sarcoptes scabiei vulpis) was found in all cases. This high incidence of parasitism 
prompted the writer, in cooperation with Harold L. Plasterer, Supervisor, Bounty 
Claims Section, Pennsylvania Game Commission, to examine all pelts of foxes 
sent to that organization for bounty during the three consecutive fiscal years 
between 1946 and 1949. Examinations were terminated in 1949 because the red 
fox was removed from the bounty list. 

During this three-year period, 116,552 hides were examined superficially for ev- 
idence of mange. Incidence was based upon appearance of the hair and hide and 
on the typical odor. Of the 55,706 gray foxes (Urocyon cinereoargenteus) and 
60,846 red foxes (Vulpes fulva), 780 red foxes and only two gray foxes were diag- 
nosed as mangy. No examination for mites was made of the two gray foxes. 

For the three-year period, 1.2 red foxes were found to be mangy for each 100 
examined. The degree of infestation ranged from 1.6 per hundred red foxes in 
1946-47 to 1.4 per hundred in 1947-48 to 0.5 per hundred in 1948-49. The take 
of red foxes for bounty during the three fiscal years was 26,679; 16,606; and 
17,561. The bounty return is believed to reflect the total population for the 
period quite accurately. Therefore, it would appear that the incidence of mange 
may be closely related to density of population. Table 1 presents the occurrence 
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id TaBLE 1.—County mange record and infestations in the red fox 
he 
hs | poe | 1946-47 1947-48 1948-49 
er | Exam. | Inf. | 1/100 | Exam. | inf. | 1/100 | Exam. | Inf. | 1/100 
+) NR, bik bccn Coan 227 31 13.6 147 8 5.4 108 os oa 
‘ ee 211 1 4 213 1 4 192 1 5 
Asmotromg..........-. 210 152 172 
it, a eee 382 13 3.4 193 3 1.5 220 1 4 
m OS ee ee 692 26 3.7 498 12 2.4 318 5 1.5 
ng ag le cade: 297 15 5.0 204 178 1 5 
k | a ee 319 1 3 202 1 4 157 1 6 
. Bradford.............. 1344 19 81.4 838 14 16 1202 1 
ars Guna eu ae 205 3 1.4 27 3 11.1 140 1 Pe 
ril _ REET eee 368 2 5 233 2 8 191 
SRS Sai ae 227 140 115 
BU poe ees eieen 97 59 43 
REE: eee 712 6 8 609 6 9 410 1 3 
RI oisa kee business 
SR occ choy hana 319 225 288 
eee 632 383 269 
ica beas 301 14 4.6 190 3 1.5 199 1 5 
SI sc keeccbutes 46 40 61 
- Crawford. ...........:. 690 407 368 
7 Cumberland........... 523 44 8.4 390 28 a8 258 13 5.0 
of Dauphin.............. 158 120 100 
ny eee 
eir eee ee ee 421 291 281 
ny Eee eee 713 402 430 
™ er 578 1 a 323 1 3 398 1 2 
RR eee. 316 159 171 
; NS os oboe soca 414 50 12.0 427 28 6.5 257 12 4.6 
ite | eee 279 3 1.0 184 3 1.6 124 861 8 
sm eR 836 37 4.4 496 36 , 589 15 2.5 
ity Huntingdon........... 627 2 39 48 3 6 37 #1 « 2 
zee SR ee cel 121 78 85 
SOMOTOOR... 2.000 cccess 473 259 218 
ars ON ae 3427 2.0 162 8 4.9 143 3 2.0 
red Lackawanna........... 202 107 125 
Lancaster............. 227 27 11.8 129 18 13.9 105 9 8.5 
ev- Lawrenee............+. 101 2 1.9 61 2 3.2 70 1 1.4 
nd RS «5s imeatece 123 1 a 45 1 2.2 32 ;. Bi 
a ct itas ieee ss 133 117 78 
ind ei cok cedes 179 132 167 
ag- Lycoming............. 495 1 2 311 1 3 358 1 a 
4 SR ms cede Sucks ocka 822 374 553 
100 MN scien avaecussax 269 172 157 
in SS oS achne Sutest ake 197 3 1.5 187 3 1.6 172 1 5 
DS it ouna are aie 382 210 223 
ake Montgomery........... 92 9 43 
and Mg acs vs i¢-nletis 31 18 13 
the Northampton.......... 112 2 1.7 a oe 52 1 1.9 
nge Northumberland...... 59 10 = 16.9 61 54 
nee | a erent 560 27 4.8 3360s 15 4.4 251 6 3.3 

















92 


JOURNAL OF MAMMALOGY 


TABLE 1.—Concluded 
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1946-47 1947-48 1948-49 
Counties 
Exam. | Inf | 1/100| Exam | Inf. | 1/100 | Exam. | Inf. | 1/100 

Philadelphia.......... 5 
RS ECS eee 223 128 172 
re 1159 830 1138 
Schuylkill..... 271 1 3 142 1 a 98 1 1.0 
Snyder....... ae ome 150 141 
Somerset.............. 953 512 394 
NS ows wine pay 179 132 151 
Susquehanna.... 951 13 1.3 469 3 6 718 1 a 
.. Sea 1746 1 0 919 1 a 1539 
Union 282 119 1 8 77 5 2 
Venango. . 287 192 242 
Warren........ 722 324 452 
Washington... 728 2 2 495 1 8 598 1 a 
Wayne....... ed 678 2 2 504 1 es 582 1 otk 
Westmoreland... ; 304 2 6 190 2 1.0 147 1 6 
| ee 293 5 1.7 168 4 2.3 199 1 5 
ask cces tines 583 45 7.7 402 23 5.7 319 10 3.1 

Totals....... . 26,679 442 1.6 16,606 239 1.4 17,561 99 5 











Less than one case per 100 pelts examined 


& NO bounty payment 


More thon four cases per 100 pelts examined 


No mange cases recorded 


INCIDENCE OF SARCOPTIC MANGE IN RED FOXES - 1946-1949 





One to four cases per 100 pelts examined. 








Fic. 1.—Incidence of sarcoptic mange in red foxes from Pennsylvania, 1946-1949. 
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VARIATION IN INCIDENCE OF SARCOPTIC MANGE IN PENNA.RED FOXES1946-49 


infestations per 100 pelts exomined 





Fie. 2.—Monthly variation in incidence of sarcoptic mange in Pennsylvania red foxes, 
1946-1949. 


of mange by county as related to the total take of red foxes during the three 
fiscal years. Figure 1 shows the distribution and average incidence of mange in 
red foxes for the three years. 

Figure 2 gives the incidence of mange in red foxes by month. It will be noted 
that infestation was lowest about February, increased gradually to June, and 
then rose more sharply to a peak in August or September. From there it declined 
to a new low in late winter. 

Records were also kept of the comparative occurrence in adult and young red 
foxes during the months of June, July, and August. Of 85 cases, 40 were adults 
and 45 juveniles. A division of cases on the basis of sex showed 24 adult and 30 
young males as compared to 16 adult and 15 young females. Field observations 
indicate that mortality among juvenile foxes infested with sarcoptic mange 
is high. Entire litters may be lost at an early age when the den is infested. 

Much is yet to be learned about the general etiology of mange, but one of 
the more baffling mysteries confronting the parasitologist is why the red fox 
appears to be much more susceptible to mange than the gray fox. 


Pennsylvania Game Commission, Harrisburg. Received February 10, 1958. 
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RINGWORM IN A POPULATION OF SNOWSHOE HARES 
By Loweti Apams, 8S. B. Satvin, ano W. J. Haptow 


The occurrence of ringworm, or dermatomycosis, in wild animals has been 
rarely reported. DeLamater (1939) described infections of Trichophyton 
mentagrophytes in common gray squirrels on and near the Johns Hopkins Uni- 
versity campus at Baltimore. Errington (1942) and Charles (1946) reported on 
the occurrence of 7. mentagrophytes in 35 of 364 litters (9.6%) of muskrats 
(Ondatra zibethicus zibethicus) in northwestern Iowa. Ninety-eight of 134 members 
(73%) of infected litters were recorded as contracting the fungus disease; of 
the 98, 90 died. Paul (1917), Lawrence (1918), and Connor (1932) mentioned 
ringworm epidemics of 7. mentagrophytes among mice in wheat stacks of New 
South Wales and Victoria. 

During the course of studies on a population of wild snowshoe hares (Lepus 
americanus) on 100-acre Bull Island in Flathead Lake, northwestern Montana, 
a diseased condition of the skin was observed in many of the animals. It is the 
purpose of this paper to show that this pathologic skin condition was caused 
by the fungus 7’. mentagrophytes, and to describe the extent of this disease among 
the hares. 

Materials and methods.—Hares were trapped for four consecutive nights at 
intervals of 2-5 weeks over a period of nine months. The animals were live- 
trapped in wire cages (about 1 x 1 x 4 feet) which were examined each morning 
during the trapping periods. The occupants of the traps were ear tagged and 
released immediately. Most of the hares that lived on the island were trapped 
several times during the nine months that had elapsed since the first observation 
of disease. Thus repeated observations of the same hares were possible. 

Efforts were directed toward isolating and identifying the etiologic agent. 
In the field, the diseased areas of the skin were first washed with 70 per cent al- 
cohol to destroy some of the saprophytic microorganisms. Scrapings were then 
made with a sterile scalpel, inoculated onto Sabouraud’s dextrose agar slants 
(2% dextrose, 1% Difco Neopeptone—adjusted to pH 5.7), and incubated at 
room temperature. Two weeks later colonies were carefully isolated and inocu- 
lated into new tubes, until pure cultures were obtained. 

One of the trapped hares was brought into the laboratory and specimens of 
the diseased hairs and skin were obtained for pathologic study. 


RESULTS 


Epidemiology.—Bull Island, on which the hares were trapped, is covered 
by a forest of Douglas fir (Pseudotsuga menzeisii var. glauca) and ponderosa pine 
(Pinus ponderosa). The island is sufficiently isolated to prevent intermingling 
of the island hares with those on the mainland. It is 2100 feet from Bull Island 
to the mainland. Although two small islands lie within this distance, 600 feet of 
open water separate them from Bull Island. 

Symptoms of skin infection were first noticed on two hares on October 16, 
1953. One had an inflamed, scaly upper eyelid that was denuded of hair; the 
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TaBLE 1.—Incidence of apparent fungus infection in trapped hares 


] 
Number new 
Trapping date Total number hares not Total number Per cent 





hares trapped previously infected hares infection 
trapped 
Rt errr 30 30 9 30 
TE rrr 37 20 8 22 
Wow. 2-200. 1, BOSB.... o.oo c cc cncens. 25 3 4 16 
NN NE Mis cae koa Sens WSS he wbcate 20 1 4 20 
Se re 16 1 2 13 
ER anes 10 1 4 40 
ee | eer eee 20 1 4 20 
a /. a 17 2 3 18 
Pee MY PE pce ch pao viseistaciwe 12 4 3 25 





other showed similar lesions on an eyelid, except that there was no inflammation. 
Two days later a young hare, caught for the first time, was found dead in the 
trap. This hare had scaly skin over most of the ventral surfaces of the body and 
legs and the hair on these surfaces was abnormally sparse. This was one of the 
most extensive and severe infections noted during the study. It is questionable 
whether the death of the hare could be attributed to the skin infection, although 
it may have been a contributory factor. 

Of 63 different hares examined from October 16, 1953, to July 16, 1954, 22 
(35%) had pathognomonic lesions during part or all of that period, 40 were un- 
affected, and one was not reported. There was no marked seasonal variation in 
incidence of the disease (Table 1). A tendency, however, may be noted for the 
proportion of infected hares to decrease from October to January. 

The incidence of infection for 28 females was 28 per cent as compared with 35 
per cent for 34 males. When the size of the sample is considered, this sexual 
difference cannot be considered significant. 

The effect of age on incidence of disease can be evaluated for subadult as 
compared with adult hares. Subadults are defined as animals born during the 
summer of 1953 and examined before January 1, 1954. Of 13 adults, two (15%) 
were infected. Of 40 subadults, 12 (30%) were infected. These data may suggest 
that younger hares were more subject to the disease than older ones. When the 
small samples of animals were subjected to the Chi-square test, however, the 
difference in incidence was not significant (P = .50). 

An indication of the effect of the disease on the mortality in the hare popula- 
tion is provided by the comparative disappearance rates of infected versus un- 
infected hares. The disappearance rate is the percentage of hares live-trapped 
in a given trapping period that were not caught again in subsequent periods. The 
fact that a hare disappears from the trap-susceptible population does not neces- 
sarily indicate that it has died. Death, however, is one of the most important 
causes of such disappearance. Therefore the disappearance rate is roughly pro- 
portional to the mortality rate and may be used as an index of mortality. In 
Table 2, the disappearance rates of infected hares are compared with those of 
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TaBLEe 2.—Disappearance rates of infected and uninfected hares 

















| Infected | Uninfected 
Trapping date [Number not! 1. Number not} p- 
Numbe |D -| Numbe | Di - 
| Naples "wang sso | apes. "Mapped pes 
Oct. 16-20, 1058............... 9 5 55 21 5 24 
Nov. 811, 1058............... 9 3 33 29 5 17 
Nov. 28-Dec. 1, 1953.......... 4 2 50 22 6 27 
Sa ls ves cineecosckewen 4 0 0 15 6 40 
Jan. 29-Feb. 1, 1954........... 2 1 50 14 0 0 
Mar. 3-6, 1054...........0.00- 4 2 50 6 1 17 





uninfected hares. For example, of nine infected hares trapped October 16-20, 
1953, five were never caught again during eight subsequent trapping periods 
(through July 16, 1954). The disappearance rate here is 54 (56%). Of 21 unin- 
fected hares caught in the same period, five were not subsequently trapped—a 
disappearance rate of only 24 per cent. In five out of six such comparisons the 
disappearance rate was greater for infected than for uninfected hares. 

Mycology.—The term “ringworm” or ‘“dermatomycosis” refers to certain 
fungus infections of the skin caused by species of a group of fungi known as 
the dermatophytes. The fungi of this group invade only the skin, hair, and 
nails, and not the deeper tissues or internal organs. In some of the hares ex- 
amined, the body surface showed scattered areas of epilation. These epilated 
areas contained a thin coat of small scales. In other animals, heavy exudative 
crusts occurred, causing matting or clumping of the hairs (Pl. I). The epilation 
and crusting was mild to moderate in character, in that no areas were devoid 
of hair. 

Trichophyton mentagrophytes, one of the more common dermatophytes that 
infects the skin and the outside of the hair, was isolated from the scales and 
matted hair of four randomly selected animals. Macroscopically and micro- 
scopically, the four isolates were similar. The colony was powdery with a flat 
surface. The mycelium was pure white, although the reverse of the colony was 
brownish. This culture was differentiated from 7. rubrum by the fact that no 
reddish pigmentation was observed on cornmeal agar. Microscopically, micro- 
conidia were very numerous, appearing as small (2-4 u), hyaline, single-celled, 
spherical bodies borne in grapelike clusters or singly from the sides of hyphae. 
Macroconidia were rare and appeared as large, multicelled, smooth, thin-walled, 
hyaline bodies, 8-10 » in width by 40-50 u in length (Pl. I). Coiled hyphae, 
chlamydospores, and racquet mycelium were also seen. 

Pathology.—The skin lesion was characterized by varying degrees of hyper- 
keratosis, and minimal inflammatory changes in the dermis (Pl. I). Keratotic 
material was present in many of the hair follicles where it was associated with 
partial destruction and sometimes loss of the hair shafts. Occasionally there 
appeared to be focal thickening of the epidermis as a result of cellular prolifera- 
tion in the stratum spinosum. Capillary hyperemia and slight infiltration by 
lymphocytes and a few large mononuclear cells were the only changes found in the 














in 


nd 
2x- 
ed 


ive 
oid 


nat 
ind 
TO- 
flat 
vas 

no 
rO- 
led, 
1ae. 
led, 


1ae, 


per- 
otic 
vith 
here 
era- 
by 
1 the 








Feb., 1956 ADAMS, SALVIN, AND HADLOW—RINGWORM 97 





PLATE I 


Tor Lert: Hare infected with ringworm showing loci of crusted and matted hair. Bor 
rom Lert: Close-up view of a locus of infection showing hairs matted together by a waxy 
exudate. Tor Ricgut: Macroconidia of 7’. mentagrophytes (X 214). Mippie Ricurt: Section of 
skin showing nature of lesion (azure-eosinate stain) (X 56). Borrom Ricur: Oblique section 
through hair shafts showing fungus around hair (Gridley fungus stain) (< 250). 


dermis. In sections prepared by the Gridley fungus stain, numerous septate hy- 
phae intermingled with spores were seen in the stratum corneum. In longitudinal 
and oblique sections of the infected hairs, the fungus was seen along the cuticle 
of the hair shafts (Pl. 1). Cross sections of the infected hair follicles showed dense 
collars or sheaths of spores around the hair cuticle. Only occasionally were spores 
found within the cortex and medulla of the hair shafts. 
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DISCUSSION 


The effect of ringworm on a population of wild animals may be highly variable 
with the species concerned and with the conditions existing at the time. Also, 
it is difficult to evaluate effects of this disease in relation to the adverse ecological 
conditions and to other diseases that may be currently affecting the host species. 
For example, Errington (1942) found a high mortality among infected muskrats, 
but was not sure what portion of the mortality was attributable to the ring- 
worm per se. 

In contrast to Errington’s findings in muskrats, it appears that dermatomycosis 
in the hares of Bull Island is not an acute fatal disease. The available evidence 
indicates that the disease is enzootic in the hare population on the island. The 
majority of the animals were not infected. Those animals that were infected were 
not completely debilitated. As many diseased hares were observed at the end of 
the trapping period as were seen at the beginning with little or no change in the 
hare population. 

The mild clinical nature of the disease in itself introduces a possible public 
health problem. The infected hares may serve as a reservoir for further infection 
of other wild animals, of domestic animals, or of humans. This spread of the 
disease to humans may be significant, in view of the fact that 70 to 80 per cent 
of human ringworm infection in rural areas is of animal origin (Georg, 1954). 


SUMMARY 


An isolated population of snowshoe hares on an island in Flathead Lake, 
Montana, was found to be infected with the well-known ringworm fungus, 
Trichophyton mentagrophyles. Symptoms in the hare included matting of the 
hair, epilation, scaling skin and inflammation. The incidence of infection was 
about 35 per cent of the population. The incidence appeared to vary slightly 
with the season of the year and the age of the hare, but not with the animals’ 
sex. Mortality may have been greater in the diseased hares than in the uninfected 
ones. The fungus was isolated and propagated in cultures, and its characteristics 
were shown to be typical of the species. Microscopic examination of the lesions 
revealed minimal inflammatory changes in the dermis with varying degrees of 
hyperkeratosis. Some of the hair had a sheath of fungus spores. The low incidence 
of infection and non-debilitating nature of the disease indicates its possible 
enzootic character. Because of the hares’ mild reaction to the disease, they 
may serve as a reservoir for infection of other wild animals, domestic animals, 
or humans. 
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NOTES ON THE SIKA DEER 
By Ricuarp GLOVER 


When two men undertake so large a task as compiling a CHECKLIST OF PALAE- 
ARCTIC AND INDIAN MAMMALS, they cannot fairly be expected to escape some 
oversights. Such seem to have occurred in J. R. Ellerman’s and T. C. 8. Morrison- 
Scott’s treatment of the sika deer. 

First, they list Sika dugenneanus (sic) as a synonym, with “no locality,” for 
the South China Sika, Cervus nippon kopschi Swinhoe, 1873. Alike in their spelling 
of “‘dugenneanus,” in making it a synonym for kopschi, and in declaring it had no 
locality, they seem to follow the statement of Allen (1940), but on all three 
points Allen would appear to mislead them. 

The name dugennianus was coined by the French missionary, Father P. M. 
Heude, who gathered a large collection of mammals at the Sikawei Museum in 
Shanghai, and created infinite confusion among Chinese fauna by proliferating 
synonyms with an almost Merriamite abandon. In an attempt to reduce Heude’s 
chaos to order, Arthur de Carle Sowerby went to Shanghai in 1915, examined 
all his specimens and published, among other articles, one “On Heude’s Collec- 
tion of Pigs, Sikas, Serows, and Gorals’’ (1917). There Sowerby states that he 
found two sika skulls, each with Heude’s label naming them dugennianus and 
giving them the definite locality of ““Phu-lang-thuang, Tonkin.” These, continues 
Sowerby, “I found to closely resemble those from the Yang-tze (i.e., kopschz), 
but on account of the geographical position of the species, and without going 
into any further details, I should consider it to be valid.” A few years later, 
Sowerby was proved correct in regarding the race, though not the name, of 
dugennianus as valid, and simultaneously a timeworn zoological riddle was 
solved. 

The timeworn riddle dates from the 1840’s, when two Frenchmen, Eydoux and 
Souleyet, bought in Java a deer that they believed not to be native of that island. 
They fetched it home alive to the Paris Zoo, where it was named Cervus pseudazis, 
and produced fertile male hybrids with Avis axis of India. Pseudaxis was early 
classed with the sikas, and in 1861 the Englishman, J. E. Gray, identified with 
it some deer recently received from Pekin; but this identification was rejected, 
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and for many years the best comment on pseudazis was that made by Sir Victor 
Brooke (1878). “I have hesitated,” wrote Sir Victor, ‘in referring the Cervus 
pseudaxis of Eydoux & Souleyet (‘Voy. de la Bonité,’ vol. 1, p. 64, pl. 12) to 
any species....The specimen is still preserved in the Museum d’Histoire 
Naturelle at Paris, but though I have often carefully examined it, the absence of 
the skull and the great uncertainty of the locality where it was procured render 
it impossible to form a decided opinion.” 

In 1931, however, it did become possible to pronounce a decided opinion on 
pseudaxis. Then the French zoologist, Jean Delacour, published a paper on some 
deer he had himself brought home from the East. He had gone out to Indo-China 
advised that he would find A. azis there; instead he found a sika, akin to the 
Formosan, Cervus nippon taiouanus but larger, more brilliantly pelaged in sum- 
mer and unspotted in winter. When he got his deer home, he was able to compare 
them with the skin of pseudazis, and he found them to be the same. So the old 
riddle of pseudaxis was solved; so too was the riddle of Heude’s dugennianus, for 
Delacour gives the range of pseudazxis as Tonkin and the open lowlands of north- 
ern Annam, and in the former country, some 25 miles N.N.E. from Hanoi, lies 
Phu Lang Thuong (as THE TIMES ATLAS spells it) whence Heude received his two 
skulls. 

This race, then, should be added to the sikas listed by Ellerman and Morrison- 
Scott. Gervais, to whom pseudazis is sometimes credited, was not its describer; 
he was the artist who provided the sketch illustrating its description. The animal’s 
correct name would therefore presumably be Cervus nippon pseudaxis Eydoux 
and Souleyet, 1841. In addition to other information about this deer, I have to 
thank Mr. Delacour for some disturbing news on its status; though there are 
“many at the two Zoological gardens in Paris... it is now quite scarce in a 
natural state,” he writes me. 

Next, there is a tangled problem revolving round the three names hortulorum, 
mantchuricus and dybowskii, of which Ellerman and Morrison-Scott treat the last 
two as synonyms for the first. This treatment is conventional enough, but it is 
very doubtful if it is sound. In the first place, a scientific name should not be 
based on any specimen, unless it is reasonably certain that the specimen so 
named is of a stable type, fairly representing the animals of a given area. But the 
animal used as the type of hortulorum was not found in conditions that permit 
certainty on this point. 

Its history is that in 1860, when France and Britain were at war with China, 
Pekin was captured, and three large sika deer, killed in the gardens of the Summer 
Palace there, were sent home to London by that very keen naturalist, the British 

consul, Robert Swinhoe. These were the animals that Gray called pseudaxis 
in 1861, but in 1864 Swinhoe declared this identification impossible for geo- 
graphical reasons, and proposed instead the name hortulorum. Later, when 
Taczanowski (1878) described some deer secured by Benedikt Dybowski in the 
Ussuri valley in Maritime Siberia as Cervus dybowskii, these animals were thought 
identical with hortulorum, and the name dybowskii was dismissed as a synonym. 

But, while Dvbowski secured his animals in their native range, Swinhoe’s 
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were captives found in a Chinese park, some hundreds of miles out of their 
supposed habitat, and the true identity of any sika found in these conditions is 
open to much doubt. For in old-time China, there was a very active trade in live 
deer, that carried animals far out of their native ranges, as Swinhoe bears witness. 
Among his more remarkable records, he describes seeing Schomburgk’s deer at 
Shanghai, what appears to be Cervus elaphus xanthopygus at Hong Kong and 
European fallow deer at Canton. Asfor sika deer, they seem to have been shipped 
all over the place and mingled without regard to their subspecific distinctions. 
So Swinhoe found the type of Cervus nippon taiouanus, not on its native island, 
but a hundred miles away over the water at the mainland city of Amoy (1862). 
At Amoy, too, he found at different times “‘in the possession of Mr. Pasedag” two 
different big northern sikas (1864, 1865) both of which had been shipped from 
Newchwang (or Yinkow) in Manchuria—about a thousand miles from Amoy 
as the crow flies. At Hong Kong he found three different sikas in one park at one 
time (1864)—C.. n. nippon, C. n. tatouanus and what Lydekker (1901) identifies 
with probable correctness as C. n. kopschi. 

In view of the facts that sikas from widely different places were thus mingled 
in captivity, and that they readily produce fertile hybrids, it would seem sound 
to base a subspecific name on a captive Chinese sika, only if there were ample 
grounds for believing that the specimen came from a park exclusively stocked 
with animals from one and the same locality; only then can one be sure that it 
was indeed a true-bred specimen of any one race. But such evidence as there is 
on the stocking of the Summer Palace Gardens is discouraging to the belief that 
the deer there could represent any true race. ‘There is no telling,” writes Arthur 
Sowerby, ‘‘where the deer confined in the Summer Palace came from originally,” 
but, he continues, it is “likely that they were brought from Manchuria... 
owing to the fact that part of the tribute annually paid to the Imperial Manchu 
household from Manchuria consisted of game of various kinds” (1918). This 
suggestion of a Manchurian origin for the Pekin deer is strongly supported, as 
Sowerby argues, by the greater similarity of the sika called hortulorum to a 
Manchurian race than to Milne-Edward’s Cervus n. mandarinus, whose range 
lay much nearer at hand; also, perhaps by the fact that one animal found in the 
park was identified as Cervus elaphus xanthopygus (Sclater, 1872), which was 
certainly Manchurian and is only presumed to have occurred in Hopei (Allen, 
1940). From what has already been said, it will also be obvious that the shipping 
of deer from the Manchurian port of Newchwang to the head of the Pechili 
Gulf and thence overland to Pekin would be no great task for Chinese animal 
handlers to manage. And to these points must be added the fact that Manchuria 
could send at least two different races of sikas to pay the Emperor’s tribute. 

The evidence for this last statement is provided by the two Newchwang stags 
Swinhoe saw at Amoy (for he was mistaken when he thought them the same). 
He minutely described one of them on October 6, 1864. His description reads 
in part “inside hair of the ears, a large spot on the outer portion of the back of 
theear near its root, chin and throat white” (1865). Nearly a year before he wrote 
this description, Swinhoe had bought the other big stag he saw in Amoy, and 
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sent it home to the London Zoo. There it became the type of mantchuricus and 
was portrayed in summer pelage by that great painter-naturalist, Josef Wolf 
(Sclater, 1872, pl. xxxi), and in winter pelage by the conscientious draftsman, 
J. Smit (ibid. pl. xxxii), who also did much meticulous work for the Zoological 
Society of London. On this London stag neither artist found the white markings 
cited above from Swinhoe’s description. It is therefore clear that these two 
animals cannot be considered the same and if Manchuria exported two different 
sikas to Amoy, one can only conclude that it would equally readily export two 
different sikas to Pekin. Add to this point the fact that we have no positive evi- 
dence that the Manchu Emperors of China did not receive live game animals as 
tribute from other provinces than Manchuria. They could very easily have got 
the North China Sika, C’. n. mandarinus from the nearby hills of Chihli, to mix a 
third blood strain in the blended herd of assorted sikas running in the park where 
the animals called hortulorum were found. 

These are circumstances that must raise lively doubts as to whether the deer 
at the Manchu Emperor’s Summer Palace can have truly represented any genuine 
wild subspecies of sika; therefore the name hortulorum, because it is based on an 
animal of such uncertain origin, should surely be dropped, the honour of dis- 
covering the true Ussuri Valley Sika should be conceded to Benedikt Dybowski, 
the explorer who secured his specimens in the animal’s native habitat 
and Taczanowski’s name dybowskii should stand. I may add that I am not the 
first to propose this change. Sowerby, who knew Chinese mammalogy better 
than most men, preferred the name dybowskii (1923). 

In contrast to Ellerman and Morrison-Scott, Sowerby also insisted that 
mantchuricus was not a synonym, but a good race, distinct from dybowskii. He 
based this distinction on his own observations on some 30-40 live deer, which he 
inspected on a deer farm on the upper Sungari River, in Kirin province, Man- 
churia, in 1913. Mark that these were not in an ornamental park in a civilized 
centre, but on a farm in a backwoods area, where sikas, though scarce, still ran 
wild. It is a reasonable inference that, in spite of their captivity, they still repre- 
sented the true-bred local race. After seeing them Sowerby wrote that C. n. 
mantchuricus and C. n. dybowskii “must for the present at least, be considered 
distinct ... owing to certain differences of colour as given by (Taczanowski), 
though a comparison of skulls from the Ussuri Valley and other parts of 
Manchuria ... reveals no distinguishing features. Taczanowski describes this 
form (i.e., dybowskii) as having a white heart-shaped spot on the anterior part 
of the chin, which certainly does not occur in mantchuricus” (1923). In the ab- 
sence of this white spot, the live deer Sowerby examined in summer in Manchuria 
perfectly agreed with the type of mantchuricus, as portrayed by Wolf and Smit, 
and though he names no other points of agreement he was sure of their identity 
with the race of which that specimen was the type. It would therefore seem that 
C. n. manichuricus should be restored to the list of the sika deer. 

One may note that, in addition to Sowerby, Japanese mammalogists also 
accept the distinction between mantchuricus and dybowskii and at least in the 
Korean part of their range are able to define their distribution with some pre- 
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cision. Kuroda (1939) states that manichuricus is found in Quelpart Island and 
the main part of Korea, but northward from the “Fusen Mountain Range of 
Kankyohodudo” it is replaced by dybowskii (or C. hortulorum hortulorum, as 
Kuroda calls it). 

Again, it seems plain that Kuroda does not regard Korea as forming any 
part of the range of the small island race C’. n. nippon; and here also one suspects 
that Ellerman and Morrison-Scott, who do include Korea in the range of C. n. 
nippon, are likely to be mistaken. In any case it is hard to see how subspecies so 
close akin as C. n. nippon and C. n. mantchuricus could maintain their separate 
identity if they shared ranges. 

Ellerman and Morrison-Scott also differ from Japanese mammalogists in 
making C. n. nippon the sole race found in the islands of Japan. While I do 
not know the Japanese literature on this subject, I have been told that Japanese 
deer from different islands can be readily distinguished by differences of both 
size and color. That my informant was correct is suggested by the fact that 
many years ago Swinhoe (1864) observed that deer from “Nippon” (i.e., pre- 
sumably, Hondo) were smaller than deer from Yezo; also by the fact that though 
captive Japanese deer in Britain seem to breed true to one consistent type—small 
and brilliantly pelaged in summer—those in America show a great range of 
color variation in their summer pelage running from bright spots on a tawny 
ground to dull black, with a white caudal patch. This great range of color vari- 
ation could, of course, be no more than another example of that variation in 
captivity which has produced so many different shades in the common fallow 
deer; but it could also result from the mingling of different local races which 
breed true in their native islands. 

One more riddle remains to be discussed here. What was the big sika stag 
Swinhoe saw at Amoy in September, 1864, and described as having “the inside 
hair of the ears, a large spot on the outer portion of the ear near its root, chin 
and throat white” (Swinhoe, 1865)? As remarked above, he was mistaken in 
supposing it to be mantchuricus. Equally clearly, it would seem not to have been 
dybowskii, for Taczanowski does not describe the throat of the Ussuri Valley sika 
as being white. Nor does this appear to have been an oversight on Taczanowski’s 
part; the throat is not white in the Dybowski’s deer currently exhibited either in 
America at the Bronx Zoo or in Germany at the Frankfurt Zoo (Whitehead, in 
litt.), nor again is it white in Lydekker’s photograph (1898). Here, then, would 
seem to be yet another, and an unnamed, race of sika, which might perhaps be 
christened after its very exact describer, Cervus nippon swinhoei. But it has no 
type locality, for it cannot be traced beyond the yard of the unknown dealer in 
Newchwang from whom Swinhoe’s friend, Mr. Pasedag, secured it. However, 
big sikas of this whitethroated race remained available to live animal dealers 
up to about 1914. It would seem certain that some were supplied to the Duke 
of Bedford in the 1890’s, for the white throat still occurs at Woburn in the fine 
herd of large sikas there which are called “Manchurian,” but are almost certainly 
of very mixed hybrid origin. From a winter photograph of a big white-throated 
sika supplied by Hagenbeck as ‘““Dybowski’s Deer” to a Polish nobleman’s park 
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about 1907, it would appear that this race like mantchuricus, but unlike man- 
darinus and taiouanus, was spotted only in summer (Lydekker, 1908, p. 96). 
The two facts, that it was mistaken for the largely Siberian dybowskii, and that 
the first-described specimen can be traced to Newchwang, suggest that its range 
was northern. And that is about all there is to say of the white-throated big Sika. 
It would be interesting to know whether any museum has a specimen, disguised 
by the label “Cervus hortulorum’’, and if so whether the date and place of its 
origin are recorded. 

To sum up, it would seem that the following changes should be made in the 
listing of the sika deer: 

First, there should be added C. n. pseudaxis Eydoux and Souleyet, 1841. 
Range; the open lowlands of Tonkin and northern Annam. 

Second, there should be restored to the list C. n. mantchuricus Swinhoe, 1864. 
Range; Quelpart Island, Korea south of the Fusen Mountains, and thence west- 
ward through Kirin Province, Manchuria. 

Third, the name C. n. dybowskii should be substituted for C. n. hortulorum. 

Fourth, there should perhaps be added, C. n. swinhoei, described by Robert 
Swinhoe, 1865. Range unknown. 

Fifth, Korea should be deleted from the statement of the range of C. n. 
nippon. 

Finally, the treatment of the sikas of the islands of Japan may well need 
revision. 
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A NEW PLEISTOCENE BIGHORN SHEEP FROM ARIZONA 
By Ciaupe W. Hisparp AND Barton A. WRIGHT 


The junior author with the assistance of three other students in the summer of 
1949 made a study of Catclaw Cave in Mohave County, Arizona. The cave is in 
the Black Canyon of the Colorado River, fifteen miles downstream from Hoover 
Dam and one mile upstream from United States Geodetic Survey Cable No. 17 
(Fig. 1, Loc. F:2:1, Catclaw Cave). It lies two hundred yards east of the river on 
the south side of a small unnamed tributary, and is approximately 45 feet above 
the Colorado River. The cave is now covered by Lake Mohave which is formed 
by the Davis Dam. The excavation was done under the auspices of Dr. Emil W. 
Haury, Department of Anthropology, University of Arizona. 

The formation of the cave was the result of an intermittent tributary of the 
Colorado River cutting through a dike of volcanic tuff breccia. This cutting had 
left. vertical faces of breccia on opposite sides of the arroyo. The force of the 
stream was directed ai the base of the southern cliff by the broad flank of the 
northern exposure. This erosion had resulted in a long shallow cave measuring 
12.3 meters in width, 3.4 meters in height from the cave fill, and 12.4 meters in 
length. The floor of the cave lay at a greater elevation than the present arroyo 
and was composed of interbedded silt, sand, and gravel with consolidated rock- 
fall from the cave roof, lying between the irregular masses of the cave floor. 
Secondary erosion, resulting from groundwater entering along a fault plane had 
produced a chimney at the rear of the cave. Evidence of water flow through this 
chimney was traceable in the small channels cut into the cave deposits. At the 
extreme rear of the cave was a high bench composed of partially consolidated 
sand and gravel. The forward edge of this deposit had been cut away either by 
flooding or by human agencies. 

The deposits within the cave showed definite changes throughout the depth 
of the fill excavated. Prior to excavation the cave floor was covered by a deposit 
of fine wind-blown silt (Level 1) extending from the bed of the arroyo to the con- 
solidated bench at the rear of the cave and partially into the chimney at the rear 
of the cave. All archaeological material and animal remains from the cave were 
recovered in this loose stratum. 
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Fig. 1.—Map showing the location of Catclaw Cave. (Ariz. F:2:1). 
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Part of a right lower jaw of a bighorn sheep was found in a packrat nest on 
the consolidated bench in the rear of the cave. The wind-blown silt had sifted in 
around the nest. The lower jaw is partially mineralized and the preservation is 
different from that of the other bones found. The jaw and teeth were covered 
with a thin layer of calcium carbonate. It appears to have weathered out of an 
older stratum or to have been removed from such. The anterior part of the jaw 
shows a fresh break. The jaw was found to represent an undescribed form of the 
genus Ovis. 


Ovis catclawensis sp. nov. 


Holotype-—No. 31413 University of Michigan Museum of Paleontology, part 
of a right lower jaw of an adult, with alveoli of P2, and P;-M; present. Col- 
lected in the summer of 1949 by Barton A. Wright and party. Field catalogue 
number is 237. 

Horizon and type locality —Late Pleistocene; Catclaw Cave, Mohave County, 
Arizona. 

Diagnosis.—A sheep the size of Ovis ammon Linnaeus of Asia. It differs from 
the known North American Recent and fossil species of Ovis by its larger size 
and wider lower premolars and molars. 
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Fig. 2.—Lingual and occlusal views, right jaw with P;-M;, of Ovis catclawensis Hibbard 
and Wright; holotype UMMP No. 31413. 


Description of holotype——The ascending ramus and the anterior part of the 
lower jaw are missing (Fig. 2). The alveolar length of P.-M; is 101 mm. P; had 
two well-developed roots. The greatest transverse width, in millimeters, of P; is 
8.5; Py is 9.8; M, is 11.0; My is 12.5; M; is 12.8. 

The anterointernal style of M; is like that of Ovis canadensis though it is not 
as well developed as on M, in O. ammon. The base of the anterior lobe of M; is 
free from the median lobe. The anterior lobe is more widely separated at the base 
from the median lobe than in Recent specimens of Ovis canadensis examined. In 
this character M; is similar to the larger M; of Zuceratherium. 

Cowan (Amer. Mid!. Nat., 24: 505-580, 1940) in a study of mountain sheep 
found the longest premolar-molar series in Ovis c. auduboni, and that O. c. 
mexicanus had a rather heavier tooth row than O. c. canadensis. We have been 
unable to locate a lower dentition of Ovis from North America that has a pre- 
molar-molar series as long as, or teeth as wide as, the teeth of the fossil specimen. 

Acknowledgments.—This study was aided by the loan of specimens under the 
care of Harold E. Anthony, American Museum of Natural History; Seth B. 
Benson, University of California; W. H. Burt, University of Michigan; and 
David H. Johnson, United States National Museum. The authorities of Arizona 
State Museum; of Region 3, National Park Service; and of the Museum of Man, 
San Diego, California, kindly gave their permission to deposit the specimen with 
the Museum of Paleontology, University of Michigan. The line drawings were 
made by Michael O. Woodburne. The illustrations of this paper were made pos- 
sible by the financial support accorded to Hibbard by the Board of Governors 
of the Horace H. Rackham School of Graduate Studies of the University of 
Michigan. 
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GENERAL NOTES 
ECOLOGY AND OCCURRENCE OF NOTIOSOREX IN SOUTHERN CALIFORNIA 


Although having a wide geographic range, the gray shrew (Notiosorex c. crawfordi Baird) 
has been one of the most rarely collected North American mammals. Recently, Hoffmeister 
and Goodpaster (1954) found Notiosorex to be surprisingly common in the Huachuca Moun- 
tains of southeastern Arizona. There they were able to secure seven specimens from beneath 
Agave plants and sight records for two others. It seems probable that Notiosorez is also more 
common in southern California than has been previously appreciated. The writer wishes 
to thank Mr. Bill Lower for assistance in field work and Dr. George A. Bartholomew for his 
many helpful suggestions regarding this study. 

Los Angeles County.—Vaughan (1954) reported a Notiosorez taken ‘beneath a woodpile 
on the campus of Norton School, two miles northeast of Claremont... .’? Cunningham 
(1956) found that barn owls (7'yto alba) and horned owls (Bubo virginianus) regularly cap- 
ture Notiosorez in coastal Los Angeles County. Two skulls of this shrew were found in pellets 
taken from a barn ow] nest and five found in two horned owl nests. In every sample of pellets 
from these nests, Notiosorer was as common, or more common, than the ornate shrew (Sorex 
ornatus), the shrew most frequently captured by man in this area. Compton (1937) similarly 
found Notiosorez to be more abundant than Sorez, in a ratio of ten to one, in the Pleistocene 
deposits of the Rancho La Brea tar pits. 

Vegetation of the three localities in the Santa Monica Mountains where the owls men- 
tioned above had captured Notiosorez was, in two cases, typical chaparral (Munz and Keck, 
1949) dominated by chamise (Adenostoma fasciculatum), scrub oak (Quercus dumosa), Cali- 
fornia live oak (Quercus agrifolia), and mountain lilac (Ceanothus sp.); vegetation in the 
third locality was coastal sage scrub, dominated by coastal sagebrush (Artemesia califor- 
nica), black sage (Salvia mellifera), laurel sumac (Rhus laurina), and grass. 

On January 22, 1955, a live male Noiiosorezr was captured one mile north of highway 101A 
in Escondido Canyon, Santa Monica Mountains. The shrew was found under a piece of tar 
paper lying on the earth floor of an abandoned stable. Numerous other pieces of tar paper 
and boards lying nearby and several rubbish piles were thoroughly inspected but no other 
Notiosorex were found. The immediate area surrounding the stable is grassland but the hills 
30 feet to the south are covered with coastal sage scrub vegetation, and an oak woodland 
canyon opens to the north. 

As the piece of tar paper was overturned, the Notiosorez ran out from a small depression 
in damp, hard soil. The depression was lined with bits of soft plant material and looked like 
a small bird nest. The shrew bit ferociously when handled and although the bites did not 
break the skin they were quite painful. 

The Notiosorez was placed in a small glass aquaria that had loose soil and dry leaves on 
the bottom and a piece of tin leaning against a rock for shelter. When placed in the cage the 
shrew immediately began twitching its nose and followed the glass sides completely around 
the aquaria twice. The tail was held at various angles, sometimes curved stiffly upward as 
described by Dixon (1924) but more often dragged loosely. When a dead 91 mm. alligator 
lizard (Elgaria multicarinata) was placed in the cage, the Notiosorer immediately began 
eating and in four minutes had consumed the entire ventral surface, internal organs and 
the tip of the lizard’s tail. As it ate, its lower lip was folded back so that its lower incisors 
were completely exposed. The noise of the shrew biting through the lizard’s bones was quite 
audible. Although the Notiosorer would sometimes place its foot upon the Elgaria, the foot 
did not seem to aid in any way; all maneuvering of the lizard was accomplished by the 
shrew’s teeth. 

Characteristically, the shrew rolled itself into a ball while resting. Occasionally it lifted 
its head, sniffed the air and settled down again. The shrew spent several minutes at a time 
cleaning itself with its tongue and on one occasion it was observed to lick its genitals for 
several seconds. When defecating the shrew usually stood on its hind legs and rested its 
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forelimbs upon the side of the cage or on the rock. The feces were black and moist. After 
defecating the shrew lowered itself, sniffed at the pile and usually consumed most of it. 

The shrew’s hearing was acute and a slight clicking noise made as far as seven feet away 
was sufficient to startle the animal. If this clicking was recurrent the shrew became used to 
it and was no longer startled. A noise of any kind usually caused the shrew to begin sniffing. 
However, even a loud noise made while the shrew was eating caused no response. Its vision 
was poor and even if a stick were waved a few inches in front of the shrew it was rarely 
investigated. Even though abundant food and water were available, the shrew died on Janu- 
ary 23. It was deposited in the Donald R. Dickey Collection. In general, the shrew’s be- 
havior was similar to that described by Dixon (loc. cit.) and Huey (1936), although no 
vocalization was heard in the shrew studied. 

Ventura County.—Approximately one mile west of the Los Angeles-Ventura County 
line near the entrance to Bell Canyon in the Simi Hills is located a rocky outcropping used 
by bats and various predatory birds as a roosting site. An analysis of a small number of 
pellets of undetermined origin collected beneath these rocks yielded seven Notiosorez skulls. 
Other mammals associated with Notiosorer in the pellets were Thomomys bottae, Microtus 
californicus, Neotoma fuscipes, Reithrodontomys megalotis, Dipodomys agilis, Peromyscus 
sp. and Perognathus sp. For several miles surrounding these rocks the vegetation is largely 
chaparral and oak woodland. Immediately south of the rock outcropping is an alluvial 
canyon bottom. Apparently the only other record of Notiosorex occurring in Ventura County 
is by Willett (1939). 

Imperial County.—A hitherto unreported Notliosorez in the Donald R. Dickey Collection 
(No. 9136) appears to represent the second record of Notiosorex from Imperial County. This 
specimen was captured in Brawley in July 1915 by Mrs. Avis P. Walker. 

Discussion.—Burt and Grossenheider (1952) state that Notiosorez is ‘found only on the 
low desert.’’ Ingles (1954) lists Notiosorer as an indicator of Lower Sonoran conditions. In 
accordance with the data given in the present paper it seems advisable to follow the sug- 
gestion made by Fisher (1941) and regard Notiosorex as tolerant of but not necessarily 
characteristic of desert or Lower Sonoran conditions, at least in California (Grinnell, 1933). 
For the same reasons the vernacular name gray shrew is probably more appropriate than the 
widely used desert shrew. There is as yet no evidence for the conjecture made by Green 
(1926) that Notiosorex might live in the burrows of Thomomys or other rodents. On the con- 
trary, the available data indicate that Notiosorez leads a relatively open life and is far more 
likely to be found under surface objects, in Neotoma nests, beehives, etc. than in rodent 
burrows (Fisher, loc. cit; Gander, 1928; Hoffmeister and Goodpaster, loc. cit.). 
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A FIRST RECORD FOR SOREX DISPAR IN NEW JERSEY 


While trapping for Veotoma on a talus slope along the east face of the Kitatinny Moun- 
tains in Stillwater Township, Sussex County, N. J., I set a series of traps in a small, very 
cool gully (elevation 1050 ft) formed between the overgrown base of the talus and a rise of 
about 15 feet, from which the land slopes downward away from the ridge into pasture land. 
The gully itself, unlike the oak wooded land toward the pasture, is roofed chiefly with yellow 
birch and hemlock, with some pine. Humus has accumulated on and between the rocks of 
the floor and walls, and a number of plants grow there in profusion. The lush carpet of 
cushion mosses that covers the floor is punctuated with frequent openings, revealing a sub- 
stratum of humus covered rocks below it. 

Although the gully was trapped continuously from August 23, 1954 to September 2, and 
again for three successive days in mid-September, the catches were few, comprising an occa- 
sional Peromyscus and one Clethrionomys g. gapperi. The same bait (peanut butter with 
anise oil) and trapping technique used elsewhere at the same time yielded considerably 
better results quantitatively. 

On August 25 a male Sorex dispar (AMNH 166860) was taken at the base of a pitch pine 
growing on the gully wall about six feet above the floor, where the removal of a small flat 
rock revealed a runway. On August 31 a female S. dispar (AMNH 166861) was taken in a 
trap set on the substratum about a foot below a gap in the moss carpet. Two days later the 
same trap caught another female (AMNH 166862). On September 14 Edwin Gould and I 
took a fourth specimen, (CU 8525), a male, on the substratum a few feet away. These last 
three specimens and a female S. fumeus (AMNH 166863) collected at the base of a mossy 
rock were all caught within a 15 foot space. The first dispar was taken about a hundred feet 
from the others. Other inhabitants of the gully were a slimy salamander, Plethodon glutino- 
sus, woodrats, Neotoma magister (which enter the gully occasionally to harvest and cure 
ferns and leaves of the mountain ash) and the New York weasel, Mustela frenata novebora- 
censis, which was observed prowling through the talus one afternoon, and which doubtless 
makes forays into the gully.—Joserpn A. Davis, Jr. Department of Conservation, Cornell 
University, Ithaca, New York. Received March 18, 1956 


TWO NEW MAMMAL RECORDS FROM KENTUCKY 


It has long been suspected that Bachman’s Shrew, Sorex longirostris occurred in western 
Kentucky, but there appears to be no definite locality record of its occurrence within the 
state. On February 2, 1953, I trapped an individual of this species near the museum on the 
Bernheim Forest, Bullitt County, Kentucky. This area is considerably to the west of the 
supposed range of the species in the state. 

The specimen, an adult male, is deposited in the zoological collections of the University 
of Kentucky. 

While at Cumberland Falls State Park, Whitley county, Kentucky, on October 10, 1943, 
Mr. Burt Monroe Sr. mentioned to me that he had seen a black rat at the garbage dump on 
the park earlier in the morning. During the afternoon and evening I was able to collect 
three specimens of the species, as well as one Rattus norvegicus from the same dump. 1 was 
informed by park personnel that both black and brown rats were infrequently seen about 
the various park buildings. 
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In June, 1954, I again visited the area in search of additional specimens, but saw none. 
The dump they had occupied the previous October had been burned during the winter, and 
rats were exceedingly scarce about the dump. 

The three specimens, all adult females, had the following measurements in millimeters: 
Total length, 391 (367-419); tail, 182 (165-192); hind foot, 41.3 (40-42). 

There are apparently no previous records of the occurrence of this species in the state. 
These specimens are located in the zoological collections of the University of Kentucky.— 
Roger W. Barsour, Department of Zoology, University of Kentucky, Lexington. Received 
March 19, 19568. 


AN INTERESTING CATCH 


When we purchased ‘‘Lebanon”’ in 1942, the old dilapidated building was without heat, 
water, or other modern conveniences. The basement under the entire house is two-thirds 
below ground, and the superstructures, resting on brick pillars, consist of huge squared oak 
beams. 

In this basement 3-5 silver-haired bats, Lasionycteris noctivagans (Le Conte), spent the 
winters attached to the wooden beams at the ceiling. These surroundings, therefore, were 
not unlike a cave, one of the normal habitats for the silver-haired bat. When we placed a 
modern furnace and concrete flooring in the basement, the bats deserted it. 

Recently we found one of the animals caught in a mouse trap which had been placed in 
the open fire place in the library, baited with cheese for mice. The bats have evidently 
shifted their habitat to the northern flue of the chimney which had become slightly warmed 
up by a fire in the open grate of the southern flue which is separated from the northern flue 
by a middle flue. The bat, being awakened by the congenial temperature, evidently became 
hungry and was attracted by the cheese bait, an unusual meal, and was caught. 

The specimen captured in the trap now bears the United States National Museum Cata- 
logue Number 299587.—Paut Bartscu, “‘Lebanon’’, Lorton, Virginia. Received March 1, 
19565. 


THE HOARY BAT IN EASTERN KANSAS 


Recent comments in the Journal of Mammalogy relative to the hoary bat, suggests the 
recording of data obtained at Lawrence, Kansas on May 10, 1933. 

As I was walking near the intersection of Vermont and 13th streets, I noted a specimen 
of the hoary bat (Lasiurus cinereus) lying quietly on its back as if stunned. As I attempted 
to pick it up, the animal suddenly righted itself and flew into an elm tree some distance 
away. I carefully noted the point where it disappeared into the foliage some forty feet above 
the ground. The animal was captured behind a leaf on the outer branches where it was pro- 
tected from direct rays of the sun. It was prepared as a museum specimen and deposited in 
the mammal collection of the Kansas Museum of Natural History. Examination showed it 
to be pregnant with two embryos. The fact of pregnancy in this specimen is interesting in 
view of the record of Velich (Jour. Mamm., 35: 429, 1955) of a pregnant female taken in 
Nebraska nearly a month later. External measurements of the specimen were as follows: 
total length, 148 mm.; tail, 60 mm.; hind foot, 14 mm.; ear, 19 mm., tragus, 10 mm.; forearm, 
58 mm.; thumb, 15 mm.—Norman A. PREBLE, Department of Biology, Northeastern Uni- 
versity, Boston, Massachuseets. Received March 12, 1955. 


EUMOPS UNDERWOODI SONORIENSIS IN ARIZONA 


On May 5, 1954, William J. Schaldach, Jr., shot a mastiff bat at 7:25 pm over a pond two 
miles east of Sasabe, Pima County, Arizona. This specimen (59092 KU), identified as Eumops 
underwoodi sonoriensis Benson, is, to my knowledge, the first record ot this species from 
within the United States and provides an extension of known geographic range of approxi- 
mately 175 miles to the north for this species from the nearest previous reported occurrence 
at Rancho de Costa Rica, Rio Sonora, Sonora (Benson, Proc. Biol. Soc. Washington, 60: 
133-134, 1947). 

This specimen, an adult male, compares favorably with the description of sonoriensis 
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(Benson, loc. cit.). The upper parts are near (kh) Wood Brown; the underparts near (18a) 
Avellaneous (color terms are those of Ridgway, COLOR STANDARDS AND COLOR NOMENCLA- 
TURE, Washington, D. C., 1912). Measurements, following Benson (loc. cit.), are: total 
length, 160; length of tail vertebrae, 63.5; length of hind foot, fresh, 17.7, dry, 17.3; ear from 
notch, dry, 15.6; length of forearm, 67.3; condylobasal length, 27.2; zygomatic breadth, 
17.8; lacrimal breadth, 10.2; least interorbital constriction, 5.8; mastoid breadth, 15.5; 
width at M®, 12.4; length of maxillary tooth-row, 11.6; postpalatal length, 12.3; length of 
mandible (anterior face of incisors to plane of occipital condyles), 20.6; width of mandibles 
across angular processes, 17.6; width of M?, 3.5—Ro.un H. Baker, Museum of Natural 
History, University of Kansas, Lawrence. Received March 8, 1955. 


PARTURITION IN A SKUNK, MEPHITIS MEPHITIS HUDSONICA 


A northern plains striped skunk that had for two years been a part of the skunk colony 
at the Vivarium, was in rut and on March 12, was bred to a northern plains striped male. 
From March 15 to 18, she was bred each day to the same male and on the 18th, was bred 
both morning and afternoon, but thereafter she was consistently antagonistic and attacked 
the male each time he was placed in her cage. Her copulatory period had extended over 
seven days. 

The following observations on parturition were made at close range, for the floor of the 
female’s cage was approximately at shoulder level so that at no time were the observer’s 
eyes more than one to three feet from her and yet she was not disturbed and seemed to pay 
no attention to his movements which consisted entirely of making notes. Since such close 
proximity of an observer during parturition of a skunk is unusual, these observations 
seemed worth recording. 

On the morning of May 18 (67 days after the first copulation and 61 days after the last) 
this skunk was discovered in parturition. She had already given birth to one kit, had prac- 
tically completed the process of cleaning it, and the kit was slowly crawling about on the 
cage floor. This birth is believed to have occurred within the preceding half-hour, probably 
at about 9:15 am. The female was still in labor and frequently tensed her muscles, arched her 
back, and occasionally reached her head back between her front legs, apparently to nose and 
lick her genital area. During one of these periods of strong muscular tension, she arched 
her back so high and reached so far back under her belly that she toppled over on her right 
side. This proved to be the final maximum effort which expelled a second young that was 
still enclosed in the unruptured extra-embryonic membranes, for the expulsion was almost 
instantaneous. This second birth occurred at 9:47 am. 

Sitting on her rump (not on her haunches) and doubled over ventrally, the mother reached 
down and seized the extra-embryonic sac, thereby rupturing it and spilling the extra- 
embryonic fluid on the cage floor. She promptly lapped up all of the spilled fluid and then 
removed the membranes which still covered the young and licked the kit clean. 

Five minutes after the birth of the second young, she was again sitting on her rump, her 
hind legs were spread apart as far as possible, and she was completely doubled over ventrally, 
cleaning her lower belly and genital region. The kit was still attached to her by the umbilical 
cord and placenta, and alternately she worked at cleaning the kit and herself. 

Ten minutes after the second birth, she began to handle the second young one, rolling it 
over with her right front paw and then with both front paws so that she reached all parts 
of its body in the cleaning act. At fourteen minutes after the second birth, the first placenta 
was discharged and almost immediately the female sniffed at it and began to feed upon the 
tissues. After devouring the first placenta, the mother handled and licked her young, but 
this process was soon interrupted by the discharge of the second placenta, sixteen minutes 
after the birth. Immediately she began to devour this placenta and its accompanying mem- 
branes while the umbilical cord was still attached to the kit. 

Twenty minutes after this second birth, she was completely doubled over forward in 
labor pains and was pulling at her genitals with her fore paws. Her paws were bloody from 
the handling of the placenta and from her genitals, and she proceeded to lick them clean. 
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In eating the second afterbirth, the umbilical cord was severed by her teeth approximately 
an inch from the belly of the kit. 

When twenty-two minutes old, kit #2 crawled under its mother’s belly, turned itself 
over on its back and began to search among the hairs of her belly for the nipples. At that 
moment, the mother again hunched her back up, squatted on her rump, and began to work 
at her genitals with her front paws. In another strong contraction she was overbalanced, 
rolled over on her side, and then got up on all four feet. During the next twenty minutes, 
she divided her time in three ways: (a) arching her back and tensing her muscles in labor, 
(b) licking, handling, and grooming her two young, and (c) sitting on her rump, doubled 
over ventrally with her hind legs wide apart pawing and pulling at her genitals with her 
front paws and licking her genital area. At the same time, the two young crawled about on 
the cage floor, frequently crawling under the mother searching for nourishment whenever 
they contacted the hairs of her belly region. Both young succeeded in finding a nipple and 
nursing briefly. 

Fifty minutes after the second birth, both young became quite active and vocal as they 
sought food. The voices were quite weak and faint and reminded the observer of the chirp- 
ing or twittering of chimney swifts when they are high up in the air, or when down inside a 
chimney. The umbilical cord on kit #2 had been cut off a second time and was now almost 
flush with its belly, but there was no apparent loss of blood. During this time, the mother 
was also rather active and gave considerable care and attention to the two kits. After ap- 
proximately a five-minute lull in her activity, labor contractions forced the head of the third 
kit into view in the vulva. The female walked slowly about the cage, while the fore feet and 
shoulders of the kit still enclosed in the extra-embryonic membranes, protruded from the 
vagina. The third birth occurred at 11:00 am, an hour and thirteen minutes after the second 
one. 

The mother again sat on her rump sprawling her hind legs widely, working with her fore 
paws and mouth to clean her genitals and to remove the placenta. Three minutes after the 
birth, she pulled free the umbilical cord and attached placenta, cutting off the cord close 
to the belly of the new-born. She devoured the third afterbirth and spent some time clean- 
ing up the third-born, while the first kit continued its attempts to obtain nourishment. 

After thoroughly cleaning and grooming this kit and herself, the female took a large 
bunch of shredded paper that had been given her, and fashioned a nest. Her general reac- 
tions indicated that pariurilion had been completed during approximately two hours of 
continued activity. 

After completing her nest, the female seized a kit by the nape of the neck, carried it in 
her mouth, and placed it in the nest. Another one was picked up by the hind legs, carried 
across the cage floor, and deposited with the first one; finally the third one was seized by the 
middle of the back and brought to the nest. She then lay down with her young, but in such 
a position that further observations were impossible because the nesting material obscured 
the view. At this point the observations were terminated lest efforts to see into the nest 
would disturb the mother and cause her to destroy her young.—ALBERT R. Saapxp, Biology 
Department, University of Buffalo, Buffalo 14, New York. Received February 23, 19565. 


A NEW SOUTHERN RECORD FOR MUSTELA ERMINEA CICOGNANII 


On the heavily wooded grounds of the Honeywell School, four miles northwest of Be- 
thesda, Montgomery County, Maryland, a cat that belonged to the school was seen carrying 
a freshly killed weasel in its mouth on May 27, 1954. The cat was relieved of its prey, which 
was made into a scientific specimen for the writer’s collection. The skin and skull of the 
weasel have been identified by Dr. David H. Johnson of the United States National Museum 
as Mustela erminea cicognanii. 

This is the southernmost subspecies of ermine in eastern North America, and it has not 
been recorded previously south of northern Pennsylvania. The southernmost published 
records of occurrence in Pennsylvania are Forest and Elk counties (Richmond and Roslund, 
Mammal Survey of Northwestern Pennsylvania, p. 31, 1949) and Carbon County (Grimm 
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and Whitebread, Mammal Survey of Northeastern Pennsylvania, p. 45, 1952, a bounty 
record). 

Most specimens of M. e. cicognanii in summer pelage have a reddish brown color, but the 
Maryland skin has a peculiar grayness, near Hair Brown of Ridgway. The specimen most 
nearly matching it in color (U.S.N.M. No. 83120, Catskill Mountains, New York, collected 
by E. A. Mearns on August 23, 1896) falls between Prout’s Brown and Cinnamon Brown. 

The weasel was not measured before skinning, but cranial measurements of this specimen, 
a female, are slightly larger than those of females and nearly equal those of males of M. e. 
cicognanii as given by Hall (Univ. Kansas Publ., Mus. Nat. Hist., 4: 434, 1951). The follow- 
ing are some sample cranial measurements, as defined by Hall (op. cit.: 417): Condylobasal 
length, 38.1 mm.; basilar length (of Hensel), 34.3 mm.; mastoid breadth, 17.1 mm.; depth of 
skull at first molars, 9.1 mm.—ALBERTO WaNovus VAzquez, 1436 N. Inglewood St., Arlington, 
Virginia. Received January 27, 1956. 


LIVE TRAPPING MINK IN BRITISH COLUMBIA 


There have been few live-trapping studies of mink (Mustela vision), as McCabe (Jour. 
Mamm., 30: 415-423, 1949) has pointed out. This is difficult to explain in view of its wide 
range, its value as fur, and the ease with which it may be trapped. 

Live trapping and tagging mink was a low priority study in Wells Gray Park, British 
Columbia, from 1951 to 1954. This work was undertaken in slack periods between studies 
given higher priority. It was designed primarily to test trapping and tagging techniques 
preliminary to a more detailed study planned for the future. Some data on the extent of 
movements accumulated and is included here. 

McCabe (loc. cit.) has reported on a similar study in Wisconsin. Using wooden box-traps, 
putrid bait, and a variety of means of recognizing individuals, he laid a solid foundation 
for further live trapping studies. The present study had comparable success with different 
traps and bait. An additional difference existed in the present study, for the park and its 
vicinity are contained in a number of registered trap lines. Since the population studied 
would be subject to commercial trapping, a marking method easily recognized by local 
trappers was essential. Such marking would enable trappers to report upon tagged animals 
taken and would also give data on the effect of commercial trapping upon the population. 

Limited live trapping took place on most major waters in the southern half of the park, 
all of which is a wild area and some of which is undisturbed wilderness. Intensive trapping 
effort was confined to a 1.2 mile stretch of Hemp Creek where it meanders through hay fields 
and pastures in the vicinity of several small farms adjacent to the park. The elevation here 
is about 2100 feet. A brief description of the topography and vegetation of this park has 
been given by Edwards (Jour. Wildlife Mgt., 18: 521-526, 1954). 

Methods.—The traps used proved efficient, light in weight, and easily carried in quantity. 
These were collapsible, wire, live-catch traps manufactured by the National Live Trap 
Company. Both the 6” x 6” x 19” and 6” x 6” x 24” models were used with equal success. 
Traps were set at water edge and loosely covered with leafy brush. Little trapping was done 
before July in each year, for there are marked fluctuations in water level on most waters in 
the park until mid-summer. The bait used was mainly fresh fish. Brief trials with decom- 
posing fish and other meats, both fresh and old, alone or combined with beaver castor, had 
little success. 

Marking methods were confined to metal ear tags. Toe clipping would be relatively in- 
conspicuous to trappers and subject to duplication through foot mutilation in steel traps. 
Dyeing or bleaching pelage is out of the question when animals are potential fur. Tags used 
were standard strap type fish tags of three types, a fingerling tag (8 x 2 mm.) and a larger 
size (16 x 3 mm.), both from a western company, and National Band & Tag Co. monel metal 
tags, Style #1005, Size 1. The small tags weighed about 0.1 and the larger one about 0.4 
gms. 

At Hemp Creek, trapping was confined mainly to late summer and consisted of traps set 
at some or all of five permanent trap stations along 1.2 miles of stream. Traps were set away 
from Hemp Creek where and when convenient. 
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Results from equipment.—The trapping technique proved satisfactory. Forty-one mink 
were tagged of which 14 or 34 per cent were recaptured. These 14 animals were recaptured 
a total of 64 times. At Hemp Creek a total of 556 trap units (one trap unit is one trap set for 
24 hours) produced 31 first captures and 62 recaptures, or it required only 6 trap units to 
catch one mink. Four mink died as a result of our study, two from drowning and two from 
shock or rough handling while being tagged. 

The tags used were not satisfactory. The fingerling tags from a western company seemed 
poorly made and were difficult to apply. A larger size was too large, causing tagged ears to 
droop under their weight. National #1005 tags were well made but could not be relied upon 
to remain in place even when carefully applied. This failure was no reflection on the quality 
of tag; rather the type of tag was not suitable for the job. 

We have 14 tag failures involving all three kinds of tags used, yet some tags held quite 
well. Mink 197-200 had both tags intact after 16 days, and mink 453 had its single tag 
securely in place after 112 days. Mink 51 had its tag loose and tearing out in 16 days, mink 
35 lost its tag in 14 days, and a new tag was loose and nearly free in six days. In late 1952 
commercial trappers took two mink from Hemp Creek that had torn ears from previous 
tags. Each had been tagged in both ears and each had lost both tags. However, a third 
mink still hadits single tag after three months. In 1953 two mink were taken which had each 
lost two tags, and mink 39-45 lost both tags in five days. In 1954 mink 51-52 had lost one 
tag when found dead six days after being tagged. 

We have concluded that the ears of mink are too delicate to retain metal strap tags, and 
that the animals themselves may work at the tags and so remove them. 

A satisfactory marking method must be easily used by one man under the difficult field 
conditions of wilderness research, and at the same time should be easily recognized by com- 
mercial trappers who could most easily submit data as numbers from numbered tags. We 
have found no tag that is satisfactory, and have eliminated several without field trial 
because they are not sufficiently conspicuous, or because they are too difficult to apply in 
the field. 

Data from mink.—Data that accumulated during the study gave some indication of dis- 
tances travelled by mink. Two recaptures on Murtle Lake, a large wilderness lake, showed a 
juvenile male to have moved .4 miles in 16 days, and an adult male to have moved two miles 
in 112 days. Both distances are airline. The last recapture was in February. 

A steel-trapped mink had heen live tagged on Hemp Creek and was killed, after three 
months, four miles distant by water, or 1.5 miles distant airline. 

The 62 recaptures on Hemp Creek were from five trapping stations. The two end stations 
were 1.2 miles apart following stream meanders, .8 miles apart airline. Stream miles are 
used below because repeated observations indicated that mink rarely moved far from the 
stream edge. Mink 35-101, a juvenile male, moved the 1.2 miles once in 12 hours, and once in 
16 hours. Mink 51-100 moved 1.1 miles within four hours. 

Mink 35-101 was taken 29 times in 26 days. The average distance between points of suc- 
cessive capture was .45 miles, and the average time between captures was no more than 20 
hours. Mink 51-100 was taken 16 times in 17 days. Recaptures averaged .3 miles and no more 
than 23 hours apart. These and other mink were often taken during daylight hours. 

Data from Hemp Creek is especially interesting for the period September 3 to 25, 1952. 
In that period the five trap stations took five mink, #35-101 twenty-nine times, #*51-100 
sixteen times, #40 three times, #36 twice, and #39 three times. The first three were juvenile 
males, the last two adult males. 

Mink 35-101 was taken on 21 days of the 23 day period and probably confined its activities 
to the 1.2 miles of stream. Mink 51-100 was first taken September 8, and was thereafter taken 
every day except for two short periods, September 11 to 12 after it was captured in the trap 
farthest downstream on September 10, and September 15 to 17 inclusive after release from 
the trap farthest upstream on September 14. It was taken again in this trap on September 
18. This mink appears to have hunted both above and below the 1.2 miles of trapped stream. 

Three of the five traps took both of these animals regularly. The two other traps were 
set only about 200 yards apart, one a short distance up a tributary of Hemp Creek, the other 
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on Hemp Creek across from the mouth of the tributary and a short distance upstream from 
it. In these two traps, mink 35-101 was taken only in one (five times), and mink 51-100 only 
in the other (four times). It appears that while these two animals hunted much the same 
territory there was a difference in the exact routes followed. There is evidence, also, that 
they tended to use different parts of the study area. If the length of stream studied is divided 
in half, mink 35-101 was taken in the downstream half in 87 per cent of its captures prior to 
September 20, but all subsequent captures were in the upstream half. Before September 20, 
mink 51-100 had 88 per cent of its captures upstream, but after September 20 all were down- 
stream. The two animals appeared to switch areas of greatest activity as if avoiding one 
another. 

The third juvenile male, #40, was taken on three consecutive days during the long ab- 
sence of #51-100 from the traps, and in the one trap described above as successful only 
with #51-100. The appearance of #40 during the absence of #* 51-100 may be coincidence, 
but could also be taken as evidence of a new animal entering a temporarily unfrequented 
area, and moving out upon the return of the former occupant. The few recaptures of two 
adult males suggests that the study area was only part of larger hunting areas. 

On this 1.2 miles of stream, during three summers (1952, 1953, and 1954), the numbers of 
individual mink tagged were 11, 6 and 5 respectively. From all live trapping 32 mink were 
aged, 17 adults, 15 juveniles. Of 36 sexed animals 25 were males and 11 females. A total of 31 
mink were sexed and aged, giving adult males 14, adult females 2, juvenile males 8, juvenile 
females 7. The low number of adult females is probably a result of their sedentary habits, 
as reported by Marshall (Jour. Mamm., 17: 382-392, 1936). 

Summary and conclusions.—Mink have been found relatively easy to live trap, but a 
satisfactory marking method, suitable for use by one man under rough field conditions, 
has yet to be used. Until a more satisfactory method appears we intend to use mapping of 
ventral pelage pattern as described by McCabe (loc. cit.) and ear clipping to denote previous 
capture. 

Recapture data are too few to be conclusive. There is some indication, however, of 
movements up to two miles airline, of juveniles being more restricted in their travels than 
are adult males, and of adult females being most sedentary of all. A high proportion of 
juveniles in the data suggests a rather high rate of population turnover.—R. W. Ritcey 
AND R. Y. Epwarps, Parks and Recreation Division, British Columbia Forest Service, Vic- 
toria. Received January 18, 1956. 


PRESENT DISTRIBUTION OF NORTH AMERICAN MINK IN NORWAY 


The mink (Mustela vison Schreb.) was imported from North America to fur farms in 
Norway in the last parts of the 1920’s. Animals that have escaped from fur farms have 
founded stocks of wild minks now inhabiting extensive parts of our country. 

The author has earlier given a detailed account of the occurrence of the species in Norway 
up to 1948 (rauNA, Oslo, 4: (December), 1949). In this paper shall be given a brief summary 
of this account in addition to records from recent years (1949-1954). As sources, the informa- 
tion concerning occurrence of different animals which the game investigation service re- 
ceives every spring and autumn from local officials throughout the country are used. As 
mink are regarded as destructive to small game and poultry, there is a bounty for hunting 
them in many districts. The bounty statistics can to a certain extent be used as a check on 
the information from these districts. 

In many locations the information at hand only records the district (‘‘therred’’) where 
the animal occurs, not the exact locality. Mink in the wild state occurred for the first time 
in this country about 1930. In 1948 we had stocks of wild mink in a great part of South 
Norway, especially in the eastern districts, more occasionally along the south coast, but 
regularly in some areas on the west coast. North of the Trondheimsfjord occurrence of wild 
mink before 1949 is doubtful. 

As the mink is a newcomer in the fauna and is little known by people in many districts, it 
is doubtful whether a detailed picture of its present distribution is known. We may assume 
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that the animal may occur in districts from where no information is received, and in some 
districts where it is observed and reported as occurring, it has later disappeared. But to a 
certain extent we probably have an approximately correct picture of the distribution. 

The animal is distributed in a great, apparently continuous, area, including most parts of 
East Norway south of the Trondheimsfjord. In the western parts of South Norway it occurs 
especially in Rogaland and Romsdal counties. At the south coast it occurs regularly in an 
area in Vest-Agder County, otherwise more occasionally. North of the Trondheimsfjord 
the species occurs regularly in many districts in Nord-Tréndelag County, farther north, 
only occasionally. 

Comparing the over-all present distribution with the distribution in 1948, we find that the 
species has spread to a great extent north of the Trondheimsfjord. In South Norway the 
distribution is apparently little changed in recent years. The farthest north locality from 
which a record of occurrence is available is in the vicinity of Bardu. 

A map of the present distribution gives at first sight the impression that the dispersal 
has gone on actively, e.g., that the species has spread in the same manner as natural invaders 
do, or as a natural inhabitant does in expansion periods. But the extremely rapid expansion 
and striking correlation between the occurrence of wild mink and the distribution of mink 
farms indicates that the first impression must be false. In recent years the number of mink 
farms and of mink in each farm have increased rapidly, the number of farm mink in Norway 
in 1954 reaching about 14 million. Comparison of information on occurrence of wild mink 
with the distribution of mink farms shows, as a rule, that where wild mink are observed 
there is a mink farm in the neighbourhood. In districts with no farm mink, wild mink are 
seldom observed. 

It is quite common for animals to escape from mink farms. Immediately after escape they 
are as a rule not very shy and settle near the cages. In many cases, the owners’ attempts to 
catch the deserter are successful. After some days of freedom, an animal gets adapted to its 
new environment and settles in some hidden place in a field or forest with suitable condi- 
tions. Information shows that escaped animals generally settle near water, comparatively 
near the place where they escaped. Waterways obviously in some degree will help their 
spreading. In cases where wild mink are observed at greater distances from farms, they have 
apparently spread along waterways, or along the coast. 

The information we possess concerning the life of wild mink in Norway indicates that it 
lives as in its original country. The information is too scarce to allow conclusions to be 
drawn about the consequences for the native fauna in the areas where the mink has become 
established. Some information indicates that mink predation on shore and sea birds in 
coastal districts, especially on islands, has been of consequence for the populations of these 
birds. Other information indicates that the activity of the animal has not prevented an 
increase in sea bird populations, also in districts where the mink is abundant. In some 
cases it is obvious that the mink has been blamed for decreases in bird populations during 
periods when other natural conditions have promoted the decrease. In many cases the mink 
seems to have depressed fish populations. This seems obvious at least where the mink has 
settled near cultivated fish ponds. 

Like our native small predatory mammals the wild mink is presumably in some degree, 
at least inland, dependent on the populations of small rodents. In peak years for small 
rodents the populations of mink increase; in years with rodent scarcity they decrease. In 
some districts, especially in towns and villages, it is said that the mink is an active extermi- 
nator of rats and mice. 

In the coastal districts, presumably conditions for the mink are not so varied as in inland 
districts. The animal probably finds much of its food at the shore. In some coast districts it 
is known that the mink population increased enormously in the first period after introduc- 
tion, but after a time it became established in more moderate numbers. 

Of all the different mammals and birds introduced into Norway, intentionally or by acci- 
dent, the mink at present seems to be the most successful. But it is possible that its actual 
distribution and abundance may not give the right picture of the animal’s ability to adapt 
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in its new home. One must bear in mind that a part of the observed and trapped animals 
may be animals newly escaped from farms, and that the mild winters in the recent period 
may have favored their acclimatisation. At least inland it seems, according to information, 
that escaped animals are not always able to establish a stock of wild mink. In some cases 
mink have disappeared from districts where they undoubtedly have been present, but where 
there have been no new escapes from farms to replenish the stock.—AaGE WILDHAGEN, 
Zoologisk Museum, Oslo, Norway. Received March 20, 1956. 


MAXIMUM AGES REACHED BY DOMESTIC CATS 


Several workers, notably Flower (Proc. Zool. Soc. London: 145, 1931) and Mellen (THE 
SCIENCE AND MYSTERY OF THE CAT, 1940) have tried to discover the extreme verifiable age in 
Felis domestica. This is no easy exercise—it is worth undertaking since mammals kept as pets 
are the only forms under close observation throughout life in sufficient numbers, and under 
sufficiently protected conditions, for occasional individuals to approach the absolute upper 
limit of longevity for the species. At present there are no published actuarial data for any 
carnivore, but the potential maximum age of cats is known to be greater than in any breed 
of dog. The rate of increase in the force of mortality at high ages may well show large inter- 
specific differences, to which maximum ages could provide a pointer. 

Flower (loc. cit.) recognised that cats can exceed 21 years, but was unable to obtain 
satisfactory evidence of much higher ages. Mellen (op. cit.) obtained her data by sending 
questionnaires to cat-owners, chiefly in North America, and collected 17 cases in which ages 
between 21 and 31 years were claimed. Data obtained in this way are always open to ques- 
tion, and those dealing with age and longevity are notorious. Flower, who stressed the need 
for documentary support in any such claims, obtained much of his information from zoo 
records and stud books. Even these are not often kept up to date, and are specially open to 
confusion and substitution of individuals in the record. Volunteered information from pet- 
owners varies in quality from the worthless to the colourably authentic. If such reports are 
treated strictly on their merits, they are a reasonably acceptable source of information in 
cases where a single identifiable animal has been kept throughout life, without change of 
ownership or possibility of replacement, by an intelligent witness who can produce cross- 
examinable evidence of its age. 

During the past year, 19 cases in which cats were reputed to have reached or approached 
the age of 20 have been reported to this laboratory—15 in reply to appeals for information, 
and four from other sources. If exaggeration or bad memory played any large part in in- 
flating the ages given, it appears to affect cat owners selectively, since only one dog exceed- 
ing 17 years was reported (19 years in a 9° Pekingese: this record was documented). Nine 
cases were based on hearsay, devoid of dates, remembered from the remote past, or other- 
wise unverifiable. Ten cases were investigated and appear authentic. 

All the instances supported by acceptable evidence were in males. The reported ages and 
dates were as follows: Entire males—1921-1943, 22 years; 1932-1954, 22; 1932-(alive), 22; 
1930-1954, 24; 1926-1951, 25; and 1927-(alive), 27. 

Gelt males—1921-1940, 19 years; 1935-(alive), 20; 1926-1947, 21; and 1929-1950, 21. 

The oldest animal reported, other than by rumour, was the 27 year old male. This was a 
particularly well-authenticated case in which the date of purchase as a weanling kitten is 
accurately known. 

The range of reported ages is not far from that given by Mellen (entire o 23, 24, 26: 
gelt co” 21, 21, 22, 23, 23, 24, 24, 25, 28, 31: 9 21, 21, 22, 31), and the high ages that she re- 
ported do not seem impossible. The sex-distribution of longevity in cats cannot be inferred 
from any of these figures, since the proportion of males is artificially high. The condition 
of senile cats, in regard to persistence of teeth, activity, grooming and hunting, is strikingly 
better preserved than in dogs, very old specimens of which are usually in a pitiable state. 
Mellen’s oldest female (31 years reputed) was said to have been in kitten at 26 years. Mating 
continued throughout life in some of our oldest entire males. The cat would appear to be 
quite the longest-lived of the smaller domestic animals, its maximum age of just under 30 
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years comparing with 18-20 years in terriers (Flower, loc. cit.) and 15 or possibly 18 years in 
large hybrid rabbits (chinchilla x Belgian hare) of which we have record. From the number 
of examples in a very limited inquiry, it seems that the highest age range is far more com- 
monly reached by cats than by other species under household conditions.—ALEx ComFrorrT, 
Department of Zoology, University College, London W.C. 1. Received March 25, 1956. 


HOUSE CAT PREDATION ON SMALL ANIMALS 


In 1950 we moved to a farm in Cardiff township, Haliburton County, Ontario, and took 
our cats (Felis domestica). These were three emasculated males and a female. One of the 
males brought into the house practically all his catch, and the female, when she was nursing 
kittens, brought in about half her prey. The other two cats were catching small mammals 
but they never brought anything to the house. Our cats, from December to April, ate the 
contents of two 12 ounce cans of food each day, six ounces to a cat every twenty-four hours. 
From April to December one 12 ounce can was fed every forty-eight hours, one and a half 
ounces each day, to each cat. They preferred catching their own food if they could. Pro- 
longed spells of cold wet weather made them demand more food. Though there were many 
small birds everywhere in summer these cats did not bring them in, nor, in my opinion, did 
they catch many. When the young birds were learning to fly they were an easily caught prey 
but I have records only for a few birds each year. 

Sorex cinereus Kerr.—This shrew was taken occasionally in late fall. The cats would 
not eat them but would bring them, as a plaything, to the house. 

Condylura cristata (Linnaeus).—The star-nosed mole was taken once in 1951 and two 
were brought to the house in 1952. Moles were not eaten by them, even when the cats were 
hungry, but they would catch moles, and play with them when they could. 

Tamias striatus (Linnaeus).—Chipmunks were abundant on the farm. When the female 
cat was feeding her kittens she brought in several chipmunks each day. I counted 148 between 
late August and early December, 1952. Despite this drain the population numbers in 1953 
seemed to be about the same as in the previous year. 

Glaucomys sabrinus (Shaw).—The northern flying squirrel was not rare in the catch of 
the cats. I have never seen them alive on the farm, but would occasionally pick up their tails 
which the cats would not eat. 

Clethrionomys gapperi (Vigors).—Red-backed mice were present in fair numbers. Those 
brought in by the cats were in proportion of 1:10 to Microtus. The smaller number of the 
red-backs as compared with meadow mice may have been caused by the cats ranging along 
fence rows and in deciduous thickets rather than in the denser coniferous woods. 

Microtus pennsylvanicus (Ord).—Meadow mice were the mainstay of the cats from late 
April to early December, the male cat feeding almost entirely on them. He usually brought 
in two or three each day and had his own place for feeding, a stone hearth kept warm by 
the furnace underneath. The mice did not seem to fluctuate in population numbers between 
1950 and 1954, as this cat could readily find his quota most days. 

Zapus hudsonius (Zimmermann).—Meadow jumping mice were brought to the house 
twice only, both times in 1953. 

Napaeozapus insignis (Miller).—Woodland jumping mice were not rare, from six to ten 
were brought in each year between 1951 and 1954.—G. C. Tonmr, Bancroft, Ontario, Canada. 
Received March 9, 1955. 


SOME NUMBERS FOR BIG GAME IN ONTARIO 


The discovery of uranium ore in Haliburton and Hastings counties will have far-reaching 
effects. Up till now, the human population, except in summer, has been low, but the finding 
of the metal has changed the picture and more and more people are staying throughout the 
year. With this in mind the changes in the fauna, particularly the game animals, will be 
drastic and these notes are being placed on record to show something of their numbers be- 
fore there were many mines. 

Two wide lakes, Elephant and Baptiste, connected by the York river, enclose a horse- 
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shoe-shaped peninsula that contains about ten square miles. Most of the land is privately 
owned. It is covered with second growth timber of all ages and only winter roads penetrate 
very far. Our farm was at the base of the peninsula and the main, and only, road into the 
region went past our gate. As well, the hunting parties were our neighbors and they gave me 
the data on the kill. 

Ursus americanus Pallas. Black bear.—A semi-popular article, (Toner, Bul. Fed. Ont. 
Nat., 64: 3, 1954), sums up most of the information about the recent bear invasion in the 
region. Bears were hardly ever seen till 1953, but in that year five were killed, two adult 
females and a male on my farm, and two juveniles, male and female, further up the penin- 
sula. 

Odocoileus virginianus (Boddaert). White-tailed deer.—The deer heard of this peninsula 
seems to number about 75 animals, an estimate only as no census has ever been taken. The 
following figures, from my notebook, shows the kill for each year. In 1951, 27 were killed, 7 
with antlers; in 1952, 22 were killed, 10 with antlers; in 1953, 24 were killed, 14 with antlers; 
and in 1954, 26 were killed, 6 with antlers. 

Alces americanus (Clinton). Moose.—Moose are probably transients only but there is a 
possibility that several are resident to the north and occasionally use this peninsula as a 
feeding ground. A male was shot two miles north of my farm in 1952; two were shot south 
of the farm, near Diamond Lake, in 1953, sex not ascertained. Both cases were investigated 
and fines paid by those responsible for the shooting. —G. C. Toner, Bancroft, Ontario, 
Canada. Received March 9, 1955. 


ALBINISTIC SIBLING RACCOONS FROM FLORIDA 


Albinism has been observed so often, and in so many mammal species, that it hardly 
seems worthwhile simply to report additional instances of this color abnormality. However, 
accounts of albinism in nature are of interest when they throw light on the way in which this 
character is inherited, or on the degree to which it affects an animal’s behavior, chances 
for survival, or position in a social hierarchy. 

In the winter of 1953-54, two half-grown raccoons (Procyon lotor elucus) were caught on 
the outskirts of Day, Lafayette County, Florida. Both were pure albinos, with pinkish eyes. 
They were accompanying a normally pigmented adult female raccoon, doubtless their 
mother. 

In various species albinism seems to be inherited as a simple Mendelian recessive. Per- 
haps this is the case with the raccoon. If so, the female in the present instance must have 
been heterozygous. The unknown male parent, of course, could have been either heterozy- 
gous or else homozygous for albinism. 

The capture of these raccoons was brought to our attention by Mrs. Ethel Fielding, of 
Day.—E. Ross ALLEN AND WILFRED T. NEILL, Ross Allen Reptile Institute, Silver Springs, 
Florida. Received February 16, 1955. 


UTILIZATION OF A BIRD’S NEST BY THE MEADOW VOLE 


The eastern meadow vole, Microtus pennsylvanicus (Ord), ordinarily constructs its own 
nest of grass on the surface or below the surface of the ground. On October 6, 1954, I dis- 
covered a litter of seven young of this species in a bird’s nest approximately six inches above 
the surface of the ground. The nest was situated in a clump of tall grass on the edge of a 
eattail slough one mile west of Vermillion, Clay County, South Dakota. The structure, 
originally open at the top, was roofed with cattail down and shredded grass by the mice 
and was four inches in depth and four inches across the top. Runways leading to the nest 
indicated that the adult mice had to reach it by climbing. 

The total weight of the seven young was 38 grams. External measurements of one individual 
were: total length, 69 mm.; tail, 14; hind foot, 12. The eyes of the animals were closed and 
their bodies were covered with partially grown, grayish-brown hair.—James S. FinpDLey, 
Department of Zoology, University of South Dakota, Vermillion. Received April 8, 1956. 
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PITYMYS PINETORUM CARBONARIUS IN HARLAN COUNTY, KENTUCKY 


Barbour (Jour. Mamm., 32: 100-110, 1951) listed Pitymys pinetorum scalopsoides from 
Big Black Mountain in Harlan county, Kentucky, on the basis of fragmentary remains from 
the stomach of a pilot black snake. His subspecific identification of the specimen was of 
necessity based on geographical grounds. 

On March 10-12, 1955, we were successful in taking five specimens of Pitmyys pinetorum 
carbonarius Handley from near the summit of Big Black Mountain, at an elevation of 4000 
feet, in the area marked ‘‘Grassy Gap”’ on the USGS Estillville quadrangle. The specimens 
are deposited in the zoological collections of the University of Kentucky.—Rocer W. 
BARBOUR AND CuaRLEs E. Suitu, Jr., Department of Zoology, University of Kentucky, Lex- 
ington. Received March 265, 1956. 


PHENACOMYS EATEN BY SPECKLED TROUT 


Mouse remains found during July, 1954, in the stomach contents of three or more speckled 
trout (Salvelinus fontinalis) taken from Sutton River near the north end of Hawley Lake 
(approximately Lat. 54° 40’, Long. 84° 35’), Ontario, were forwarded to me for identification 
by Mr. A. T. Cringan, District Biologist of the Ontario Department of Lands and Forests, 
Sioux Lookout, Ontario. 

One stomach contained an almost complete Phenacomys (with skull damaged) and the 
headless torso of a microtine, probably of the genus Synaptomys. From the combined con- 
tents of two or more other trout, three additional microtine skulls were identified, two 
Phenacomys and one Microtus pennsylvanicus. The fish were caught by Mr. J. Fraser and Mr. 
C. Armstrong. 

Mr. Cringan adds the following: “Incidentally, when I was there in July, I saw signs of a 
very dense mouse population. In places the mice had even levelled small clumps of willows 
two to three feet in height, in much the same fashion as hares do.’’ During the summer of 
1953 unprecedented numbers of Phenacomys were collected in Quebec (Royal Ontario Mu- 
seum of Zoology and Palaeontology; Carnegie Museum). In 1954 similar numbers were 
encountered in the Churchill region of Manitoba (R.O.M.Z.P.). It would appear that a 
similar population peak of Phenacomys has never been recorded before in eastern North 
America.—Ranpo.pu L. Peterson, Royal Ontario Museum of Zoology, and Palaeontology, 
Toronto, Ontario. Received March 18, 1956. 


ABUNDANCE OF DEER MICE IN TUSCOLA COUNTY, MICHIGAN, IN 1854 


The diaries of O. H. Perry (HUNTING EXPEDITIONS OF OLIVER HAZARD PERRY OF CLEVE- 
LAND, privately distributed, Cleveland, 1899) contains some interesting information on the 
great number of deer mice (Peromyscus) in Tuscola County, Michigan, where he hunted in 
the fall of 1854. Various entries in his diaries read: 

October 1, 1854 (pp. 211-212). ‘“‘I am so overrun with deer mice that I can hardly live in 
the woods. They eat the Strings of my Tent, my shoes, Pork, Hard bread, Gloves, leather 
strings, Bags &e, and commenced last night working in my hair, and planting their cold 
noses on the scalp of my head. I have tried one experiment in trapping them, but it did not 
succeed. I must devise some way of killing them, or leave the woods.” 

October 3. ‘‘After breakfast went to my tent to see what my Mouse trap [a pail] had done 
during the night, and to my great surprise and happiness I found that it had killed twelve of 
the little rascals.” 

October 16 (p. 217). ““Caught 3 mice last night making 68 in all.’’ 

October 21 (p. 218). ‘“‘Deer mice are very numerous and destructive in the woods here this 
fall. They have destroyed all the Corn that the few Settlers have raised, and at night pour 
into their log houses in such numbers that they destroy everything before them. The only 
way the inhabitants save any thing is, by placing the legs of tables, in pans of water, and 
then placing on the table at night every thing that they possess that can be destroyed. We 
found the mice very numerous in Sherman’s house. After dark they were hopping around 
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on the puncheon floor as thick as Crickets. Sherman caught this night 25 of them in one 
pail. He says that he has caught in his House this fall over 2,000 of them.’’-—A. W. ScoorcrEr, 
University of Wisconsin, Madison. Received April 7, 1955. 


UNUSUAL SEX RATIO IN PEROMYSCUS 


We are accustomed to taking approximately equal numbers of males and females when 
a wild species is sampled extensively. To be sure, the hypothetical fifty-fifty ratio is seldom 
exactly achieved. Frequently the males are in excess, a situation which has been interpreted 
as reflecting their larger home ranges, their greater proclivity to wander, or their lesser 
tendency to avoid traps. For example, sampling wild populations of Peromyscus, Townsend 
(Roosevelt Wild Life Annals, 4: 42, 1935) reported 66.6 per cent males among 291 animals 
taken; Burt (Mise. Publ. Mus. Zool. Univ. Mich., 45: 22, 1940) found 53.3 per cent males in 
a population of 1551; and Blair (Jour. Mamm., 23: 32, 1942) recorded 54.9 per cent males 
among 151 animals captured. An even greater disparity in numbers as between the sexes 
was apparent in 93 white-footed mice, Peromyscus leucopus, collected by my students from 
January 20 to March 12, 1954, in Ingham County, Michigan. Of these, males numbered 70, 
or 75.3 per cent. I am informed by Don W. Hayne, to whom I am much indebted for his 
opinions on matters statistical, that the likelihood of such a ratio occurring purely by chance 
is about one in a million; and that the true ratio in the population sampled might be stated, 
at the 99 per cent level of confidence, to lie between 62.1 and 85.9 per cent males.—RicHarpD 
H. MANVILLE, New York Zoological Society, 185th Street and Southern Blud., New York 60.) 
Received February 25, 1956. 


HIBERNATION OF MEADOW JUMPING MOUSE 


The meadow jumping mouse, Zapus h. hudsonius Zimmermann, is generally regarded as 
one of the more profoundly hibernating mammals. It retreats early into its winter quarters, 
and returns to activity when spring is well advanced. Indications are that males emerge 
first in the spring, and that the date of emergence usually comes in April or May. This was 
the situation in Vermont as reported by Sheldon (Jour. Mamm., 19: 332, 1938). In Minne- 
sota, Quimby (Ecol. Monographs, 21:81, 1951) reported males as first emerging in late April 
or May, and females two or three weeks later. In several instances jumping mice have been 
excavated from their winter quarters, still in a torpid condition, on various dates through- 
out the month of April. Selected examples are cited in New York by Eadie (Jour. Mamm., 
30: 307, 1949), in Missouri by Schwartz (ibid., 32: 228, 1951), and in Ohio by Dexter (ibid., 
35: 121, 1954). 

In view of the above, the present case seems worthy of note. On February 12, 1955, in 
the vicinity of Payne Lake, Barry County, Michigan, a meadow jumping mouse was taken 
by Douglas L. Van Zandt. The specimen was a small adult male, plump and in good shape, 
with measurements as follows: total length, 180; tail, 110; hind foot, 26; ear from notch, 10 
mm. It was captured in a Museum Special snap trap, baited with partially chewed rolled 
oats, and located in a meadow near the edge of a farm woodlot. It is preserved in the col- 
lection of the Zoology Department, Michigan State University. This date of activity is 
certainly far earlier than we consider customary. Although the month of February as a 
whole was warmer than normal in this general locality, the nights of February 11 and 12 
had temperatures considerably below normal, approximating 0° F., and several inches of 
snow covered the ground. This case probably represents a temporary period of activity on 
the part of the mouse, which—barring accidents—would have returned to its winter sleep. 
Possibly such wakeful spells are more common than we suppose in jumping mice during the 
winter.—Ricuarp H. Manvituie, New York Zoological Society, N. Y. 60. Received April 12, 
19656. 


A HANDICAPPED FLYING SQUIRREL, GLAUCOMYS VOLANS 


Ripening pecans attract several species of birds and mammals whose depredations usu- 
ally result in retaliatory measures by the orchardist. A shy, unobtrusive, but no less fre- 
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quent, visitor to the pecan grove is the little flying squirrel, Glaucomys volans, of whose 
nocturnal visits the farmer is generally unaware. Except in those instances where a few nut 
trees are surrounded by, or adjacent to, favorable flying squirrel habitat, damage to the 
crop appears to be insignificant. Pecan orchards bearing ripening fruit can provide the mam- 
malogist with a profitable evening’s collecting during the fall of the year. 

On October 31, 1954, Mr. Alva H. Harris collected six Glaucomys volans between 12:15 
and 12:45 am as they fed in the twelve pecan trees in the yard of his home in Leechville, 
Hyde County, North Carolina. These trees, located near an extensive wooded tract of 
coastal swamp and pine land, are invaded every year by a number of these little rodents 
in search of ripening fruit. According to Mr. Harris, it is not uncommon to hear four or 
five different individuals feeding simultaneously in the trees. He estimates that from fif- 
teen to twenty different squirrels feed in his trees during a night, for as many as ten have 
been taken during a single evening’s collecting. On dark, still nights they can be heard 
cutting nuts, and their white bellies can be observed as the creatures glide through the rays 
of a flashlight. 

One of the animals collected on October 31, a mature male, was observed sailing for a 
distance of some 38 yards from a pine to a pecan tree. The animal landed on the trunk 
approximately ten feet from the ground, scampered up the tree and out a limb where it was 
shot. Its actions appeared to be perfectly normal, and it was only upon retrieving the animal 
that it was discovered to possess only the barest visible vestige of a tail and no left leg below 
the knee. On closer examination, both the tail and the leg stump proved to be well furred, 
with only a small area of scar tissue being discernible. The remaining tail vertebrae meas- 
ured 15 mm. in the unskinned specimen. The total length of the caudal vertebra was 22 mm. 
on the skinned carcass. Approximately 78 per cent of the left tibia and fibula were missing, 
since they were lost 8 mm. below the knee joint. The bone in both the tail and leg stump 
had calloused and had healed completely. 

Despite what would appear to be a severe physical handicap, the animal, which weighed 
55 grams, was in excellent physical condition. It was approaching breeding condition as 
both testes had descended and measured 7 by 13 mm.; however, no sperm were obtained 
from an epididymal smear. The type of accident responsible for the loss of the tail and foot 
could not be ascertained.—F. 8. BarKatow, Jr., Department of Zoology, North Carolina 
State College, Raleigh. Received January 26, 19565. 


DECLINE IN ''tOWNSEND GROUND SQUIRRELS IN UTAH 


In Utah, precise data are lacking concerning population fluctuations of most members 
of the genus Citellus. In the years preceding 1936, Townsend ground squirrels (Citellus 
townsendit) were common throughout central Utah and the West Desert. They were par- 
ticularly abundant south and west of Utah Lake, Cedar Valley, Rush Valley, Tintic Valley 
and Nephi Valley. They were the most conspicuous mammal observed while traveling the 
uncultivated part of the West Desert. During the early part of the summer of 1936, these 
animals were as numerous as the preceding years. In mid-summer, there occurred an epi- 
zootic. The next year, however, a few scattered individuals were observed from scattered 
localities in central Utah. The following year and up until the present time, however, no 
Townsend ground squirrels have been recorded in many widespread areas where they had 
been common and abundant prior to 1936. Svihla (The Murrelet, 20: Jan.—Apr., 1939) re- 
ported a “die off’? of Townsend ground squirrels (Citellus washingtoni) in Washington 
that occurred at the same time as the one witnessed in Utah. Hall (MAMMALS OF NEVADA, 
1946) reported that Townsend ground squirrels were at their “‘peak”’ in population numbers 
in Nevada in 1937 and 1938. Their numbers are sparse in Nevada at the present time but 
whether or not a “‘die off”? occurred in Nevada following that in Utah and Washington is 
not known. 

Essentially the same report was given by residents of many areas where Townsend ground 
squirrels were formerly abundant and are now absent. Through conversations with persons 
familiar with this ground squirrel, it was learned that they had not been observed for 
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several years. Apparently the “die off’’ was widespread throughout areas that were formerly 
occupied by these squirrels. The Townsend ground squirrel populations discovered during 
this study indicate that they are neither widespread nor abundant at the present 
time in Utah. The largest and most numerous populations in Utah at present appear to be 
along the Sevier River Drainage in central Utah, and the southern part of the Escalante 
Desert. There is some evidence to indicate that the prairie dogs (Cynomys) have also under- 
gone a reduction in numbers similar to that of Townsend ground squirrels in Utah. Accord- 
ing to the present information, Townsend ground squirrels have not recovered in numbers 
and distribution in a period of approximately 18 years. These data also support the hy- 
pothesis that ‘‘die offs’? can completely exterminate populations in large areas. 

Rodent plague (sylvatic plague) is known to have spread into the Rocky Mountain region 
by 1935 (Meyer, Amer. Jour. Pub. Health, 27: 777-785, 1937). It had extended along the 
Continental Divide from Montana to southern New Mexico by 1939 (Craig and Faust, 
CLINICAL PARASITOLOGY, 1951). Although no direct evidence is available, it appears that 
Townsend ground squirrels in the Great Basin and nearby vicinities may possibly have been 
infected with sylvatic plague, the total extent of which is not yet known.—Ricuarp M. 
Hansen, Depariment of Zoology, Colorado A & M College, Fort Collins. Received April 8, 1956. 


MICROENVIRONMENTAL INFLUENCE ON PERIODICITY IN TOWNSEND 
GROUND SQUIRRELS 


Local meteorological conditions appear to influence the periodicity of Townsend ground 
squirrels (Citellus townsendii). On June 5, 1951, young Townsend ground squirrels from 
Stansbury Island, Great Salt Lake, Utah, were found to be almost adult in size. Those on 
the surrounding mainland at this time were smaller sized and appeared to be younger. On 
April 22, 1952, young Townsend ground squirrels on Stansbury Island were approximately 
three-fourths grown. Just a few days prior (April 15-17, 1952), adult females collected from 
the extreme southern part of the Bonneville Basin (Escalante Desert and environs), still 
retained their young in an embryonic state. On May 25, 1953, young animals from 12 miles 
north of Kelton, Utah, were approximately one-third adult size, while those on Stansbury 
Island appeared to be approximately three-fourths adult size. Townsend ground squirrels 
occurring on Stansbury Island also appeared to begin hibernation at an earlier date than 
they did on the surrounding mainland. Townsend ground squirrels are commonly found to 
be active in most areas as late as the middle of July. However, no animals were observed on 
Stansbury Island after June 15. 

Apparently heat is absorbed by the waters of Great Salt Lake during the daytime and is 
radiated during the night. This in turn modifies the local environments of the islands. Sea- 
sonal rhythms are generally advanced. The early growth of vegetation also indicates this 
phenomenon. 

There is evidence that also indicates that annual differences occur in the time of seasonal 
advancement. On April 17-18, 1954, there was no evidence found to indicate that Townsend 
ground squirrels had yet emerged from hibernation. The vegetative growth also appeared 
retarded from that observed the preceding three seasons on Stansbury Island. 

The evidence presented appears to indicate that the seasonal rhythms of Townsend 
ground squirrels are dependent upon microenvironmental factors and that these factors 
may fluctuate annually.—Ricnarp M. Hansen, Department of Zoology, Colorado A & M 
College, Fort Collins. Received April 8, 1956. 


LONGEVITY OF CAPTIVE KANGAROO RATS, DIPODOMYS 


In July, 1950, my two sons live trapped two Merriam kangaroo rats (Dipodomys merriamt) 
near Bishop, California, and brought them to Ann Arbor, Michigan. One of the rats was 
kept in a small sand-filled aquarium until it was sacrificed on November 1, 1954. It appeared 
to be in fair health. Its age at death was at least four and one-third years. 

The other rat escaped from a eage in September, 1950, and took up residence in a cool 
room, for the storage of home-canned foods, in the basement of a house. The floor of the 
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room consisted of bricks laid in sand over a sandy substrate. The rat was seen infrequently, 
but signs of its activity were continually evident. Food scattered for it on the basement 
floor disappeared regularly. Moreover, the floor of the cold room gradually became a sham- 
bles of sand and bricks, caused by the collapse of rat-made tunnels through the sandy sub- 
strate and by frequent movement of the sand. On the occasions when the animal was ob- 
served closely, as for example when it was fed from an observer’s hand, it always appeared 
to be in excellent health. It was killed by the family pet dog about January 15, 1955. Its 
known age was at least four and one-half years. 

I doubt that either of these individuals was a young-of-the-year when caught in 1950. It is 
probable that each was born in the spring of 1949. If this be true, they were approximately 
five and one-half years of age-——Emmet T. Hooper, University of Michigan Museum of 
Zoology, Ann Arbor. Received April 21, 19565. 


SELECTION OF FATS BY DERMESTID BEETLES, DERMESTIDAE 


Populations of dermestid beetles generally thrive on fatty meats and do poorly on diets 
low in fats. The animals apparently require lipids to remain healthy, to complete their life 
cycle in optimum time, and to produce large broods. The larvae of Attagenus piceus develop 
faster and have a lower mortality on a diet that includes fish meal than on one that lacks 
the meal (Griswold, Cornell Univ. Agr. Exp. Sta. Mem., 240, 1941). In Dermestes vulpinus fat 
is necessary for maximum egg production and healthy larvae. Beetles restricted to a diet of 
dry, lean meat produced few eggs. The larvae were sluggish and many died; those that 
matured were undersize (Russell, Jour. Mamm., 28: 284-287, 1947). Materials that normally 
are unsavory to beetles can be made more or less attractive to them when the materials are 
coated with oil. Dermestes will clean specimens that have been preserved in alcohol if the 
specimens are first soaked in water and dipped in bacon grease or beef fat (de la Torre, 
Jour. Mamm., 32: 231-232, 1951). These and other studies make it clear that fats are im- 
portant to dermestid beetles. 

Do the beetles have preferences among fatty substances? A few tests, described herewith, 
indicate that they do. Reasons for conducting the tests were basically practical. The 
Museum recently had received a large number of uncleaned skulls; most of them were hard, 
dry, and coated with borax. We needed something that would make the skulls appealing—a 
veneer that would induce dermestid larvae to eat the meat on these skulls. 

The tests were simple. Several small cardboard trays, each covered with cotton, were 
placed equidistant from each other on the floor of a small Cambridge Can which was kept 
at room temperature. In each of the trays, except one, were placed pieces of dried meat 
coated with various substances to be tested. The extra tray served as a control and a refuge 
for dermestids that sought shelter, not food. Twenty-five to forty larvae were then intro- 
duced into the cans and the lid was locked in place. About twenty-four hours later the cover 
was removed and the numbers of larvae in each tray and ‘‘on the loose’’ were recorded. When 
larvae repeatedly concentrated in a tray and ate the meat I inferred that they preferred the 
substances there. 

The substances tested, mostly fats, are as follows: beeswax, cholesterol, vegetable oil 
(Wesson), lanolin, a cerebrosides complex of glycolipids and sphingomyelins, bacon drip- 
pings, codliver oil, casein, gelatin, dried milk, and mineral oil. 

Codliver oil, vegetable oil, casein, dried milk, and bacon drippings attracted the larvae. 
Codliver oil clearly was preferred over all other items. It was selected over bacon fat in 
ratios varying from three to one to ten to one. Vegetable oil was somewhat less attractive. 
When it and cod oil were offered, the cod oil drew more larvae, and the meat in that tray was 
consumed before that coated with vegetable oil. Casein and dried milk were relatively un- 
attractive. When the choice was between those two, there usually were more larvae ‘“‘on the 
loose’’ than in either of the two trays. A mixture of dried milk and cod oil possibly was 
more attractive than casein and cod oil; the results were inconclusive. No clear preference 
was indicated between cod oil alone and a mixture of cod oil and dried milk; both were 
attractive. 
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Meat coated with mineral oil usually was not eaten. On one occasion, however, when the 
test spanned several days and the tasty items were consumed, the larvae turned to the 
mineral oil-coated meat. We have an earlier instance of larvae eating hydrocarbons. Our 
beetle colony cleaned the dried carcasses of seven bats (Myotis) that inadvertently had been 
coated with motor oil. Whether the beetles metabolized the hydrocarbons is unknown. 

We have taken advantage of the lure of codliver oil. The beetles are now cleaning tainted 
skulls that they shunned before the skulls were treated with oil. Our technique is simple. 
The treatment of a group of 30 dry, borax-coated skulls of Tamias and Citellus will illus- 
trate. The skulls were washed for about two hours in warm running water, to remove most 
of the borax and to soften the flesh. They were then drained, dipped in warm oil, and placed 
in trays in the beetle colony. Many of them were cleaned within 24 hours; all were complete 
after 48 hours. The rate of cleaning, of course, varies with the size of the populations, 
amount and type of available food, and other factors. 

Our technique needs to be improved. We have not yet learned to determine the amounts 
of food, oil and moisture that are best suited to populations of various sizes. If the skulls are 
too wet and too numerous, so that the larvae can’t clean them within a day, a lush growth of 
mold may develop. The ideal is to balance the food against the population so that the 
skeletal material will be cleaned within a day or so. Too much oil also may be disastrous. 
When dermestid eggs are coated with oil they will not hatch (Russell, loc. cit.). We intend 
to reduce the coating of oil, by using emulsions or suspensions instead of pure oil. We also 
shall see that each colony has food and breeding places other than those provided by the 
oil-soaked skulls. Stable refuges and semipermanent, oil-free sites suitable for the deposition 
and development of eggs are essential to a continuing colony of dermestids. Codliver oil 
may prove to be useful in the cleaning of osteological materials —Emmrtr T. Hooper, Uni- 
versity of Michigan Museum of Zoology, Ann Arbor. Received April 21, 1956. 


COOPERATION AMONG ADULT DOLPHINS 


A number of instances of apparent solicitude on the part of adult dolphins for their 
young, either alive or dead, have been reported in the recent literature. These have particu- 
larly related to the mother’s habit of holding her young at the surface in an apparent effort 
to aid it in breathing. Instances of such solicitude in captivity have been reported for the 
Atlantic bottlenose dolphin, Tursiops truncatus, by McBride (Nat. Hist., 45: 29, 1940), 
McBride and Hebb (Jour. Comp. & Physiol. Psych., 41: 115, 1948), and McBride and Kritz- 
ler (Jour. Mamm., 32: 254, 1951). Examples of this phenomenon in nature have been given 
by Moore (Amer. Midl. Nat., 49: 136, 1953) for 7’. truncatus, and by Hubbs (Jour. Mamm., 
34: 498, 1953) for the Pacific bottlenose dolphin, 7’. gilli. 

As far as we can discover, there has been only one other instance reported in which an 
adult made an apparently definite effort to protect another adult that was injured. This 
behavior was described by Hubbs (loc. cit.) where he reports a case in which a striped dol- 
phin, Lagenorhynchus obliquidens, stayed close by a harpooned companion ‘frequently 
forcing its way between the dying beast and the ship and pushing it away.”’ Two related 
instances, perhaps showing an even higher level of intelligence, have recently been observed 
during collecting operations for the new Gulfarium, The Living Sea, at Fort Walton Beach, 
Florida. 

The first such instance occurred on October 30, 1954, while the collecting vessel was work- 
ing about !4 mile off the beach in the vicinity of Mary Ester, Florida. A one-stick charge of 
dynamite was exploded about three feet under the surface near a school of approximately 
25 7’. truncatus. One partially stunned adult came to the surface and raced around the vessel 
in a wide arc, the animal exhibiting a 45° “‘list.’’ Almost immediately two other adults came 
to the assistance of this injured companion. One came up from below on each side, and plac- 
ing the upper lateral part of their heads (just behind the blowhole) approximately beneath 
the pectoral fins of the injured one, they bouyed it to the surface in an apparent effort to 
allow it to breathe while it remained partially stunned (Fig. 1). Since the positions of the 
two assisting dolphins was such that they themselves could not breathe (being submerged 
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and partially tilted on their sides), they had to swing away from their companion in order to 
surface and blow. In doing so they swam away in fairly wide arcs. What seemed to be 
another assisting pair almost immediately resumed the support of the injured one; unfortu- 
nately, rough surface conditions prevented seeing if the second pair actually involved two 
new individuals or was the original pair. The entire school remained nearby until the in- 
jured animal had recovered (several minutes), at which time they all left at a high speed, 
making tremendous leaps, jumping in unison every 10 to 20 seconds some 10 to 12 feet out of 
the water and covering about 25 to 30 feet of surface distance while in the air. It is interesting 
to note that on another similar occasion when an explosion was set off and no dolphins were 
injured, the school immediately left in the manner just described. 

The second case of assistance took place on November 23, 1954. On this occasion a number 
of 7’. truncatus had been captured and were being transferred from the deck of the collecting 
vessel into a holding pen at Destin, Florida. Three adults had already been unloaded. As 
a fourth, another adult, was lifted from the deck by the tail and swung over the fence into 
the pen, it struggled and struck its head (just behind the eye) on a post, and thus stunned, 
immediately sank in seven feet of water. Two of the three dolphins already in the pen im- 
mediately assumed the same positions described above and buoyed the stunned individual 
to the surface, where it began to breathe. The third dolphin stood close by in the meantime. 
Though the pair had to desert the injured one in order to blow, they continued to return 
to its aid until it was sufficiently recovered from the injury to swim about unassisted. 

Though an apparently high level of individual emotional and motivational behavior is 
well known for 7’. truncatus (McBride and Hebb, loc. cit.; McBride and Kritzler, loc. cit.), 
these examples of cooperation indicate a much higher degree of social organization than has 
previously been reported for this species. 

Dolphins have been reported as coming to the aid of drowning humans (Anonymous 
letter, Nat. Hist., 58: 385, 1949), though most writers believe this occurrence is one of for- 
tuitous circumstance, brought about by the “natural curiosity’’ of dolphins for any foreign 
object, which made such a rescue seem intentional (Essapian, Nat. Hist., 62: 392, 1953; 
Goodwin, answer to inquiring letter in Nat. Hist., 56: 337, 1947). There is no doubt in our 
minds, however, that the cooperative assistance displayed for their own species by the above 
described 7’. truncatus was real and deliberate. An interesting close parallel in behavior 
exhibited by a land mammal has been reported by Alverdes (SOCIAL LIFE IN THE ANIMAL 
WORLD, 1927) for the elephant (probably the African elephant, Lozodonta africana). 
In this case adult individuals have been observed supporting a wounded companion by 
walking on each side of it, pressing against it with their own bodies, and even using their 
trunks and tusks as supports. 

Other cases of cooperation among adult dolphins on a group rather than an individual 
level may also be mentioned here. The Pacific killer whale, Grampus rectipinna, is well 
known for its habit of killing larger whales by attacking in packs (Scheffer and Slipp, Amer. 
Mid. Nat., 39: 284, 1948). Similar behavior has been reported for the Atlantic killer whale, 
Grampus orca, by Kellogg (Natl. Geog. Mag., 77(1): 71, 1940). A like instance has previously 
been reported by one of us (Caldwell, Jour. Mamm., 36: 467-470, 1955) in which it appears 
that the spotted dolphin, Stenella plagiodon, may form packs in attacking large squid. On 
another occasion, September 17, 1952, one of us (Siebenaler, unpublished manuscript, 1952) 
reported sighting a school of pinfish, Lagodon rhomboides, which were apparently being 
actively herded by a school of some 25 spotted dolphins. It was reported that the dolphins 
did not attempt to break up the school, but rather only rushed across its outer fringe, feed- 
ing on strays. Several such associations of fish and dolphins were seen on this date within 
several miles of the first sighting. 

Essapian (loc. cit.) describes another instance of cooperative schooling (apparently for 
protection) in which he reports that a captive group of 7’. truncatus, which had previously 
been swimming in a scattered fashion about the tank, immediately schooled when a five-foot 
shark was introduced into the tank with them. 

We wish to acknowledge the late Dr. W. C. Allee for many helpful suggestions regarding 
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Fig. 1.—Positions of the “‘assisting’’ pair of dolphins in relation to the injured indi- 
vidual. 


this paper; Drs. Archie Carr and J. C. Dickinson, Jr. for criticism of the manuscript; and 
Dr. John C. Briggs for the preparation of Figure 1.—J. B. SteBENALER, AND Davin K. Catp- 
WELL, The Living Sea, Fort Walton Beach, Florida, and Department of Biology, University 
of Florida, Gainesville. Received April 14, 1956. 

[Contribution No. 1 from The Living Sea, Fort Walton Beach, Florida; and a contribu- 
tion from the Department of Biology, University of Florida] 


LAGENORHYNCHUS ACUTUS OFF CAPE COD 


Lagenorhynchus acutus (Gray), often called the white-sided porpoise, is a reasonably well- 
known form reported from both sides of the northern North Atlantic. Its northern limit is 
generally given as about Lat. 64° N (Godthaab, West Greenland, and Trondhjem Fjord, 
Norway), although Ellerman and Morrison-Scott (CHECKLIST OF PALAEARCTIC AND INDIAN 
MAMMALS, 1951) cite with doubt the Murman Coast. On the European side it is regularly 
found as far south as, say, Lat. 55° N in the British Isles, while on the American side its 
southern limit appears to be near Lat. 41° N, off Cape Cod. Jonsgaard and Nordli (Nor- 
wegian Whaling Gazette, 41: 229-232, 1952) have recently summarized what is known of the 
biology of this species. However, since it has not often been reported from our waters, and 
since we have noted a few particulars not previously given, we offer some remarks on a 
small group of perhaps a dozen encountered on September 14, 1954 near Lat. 41° 35’ N, Long. 
68° 55’ W, about 50 sea miles east of Monomoy Point, Cape Cod, in 80 fathoms. 

They swam briskly about ahead of the ship, but did not play at the bow, rarely approach- 
ing within 20 yards. There was at least one calf, two-thirds the length of its mother; one of 
the adults was very pale, almost white all over its sides and back including the upper surface 
of the flukes, except that some pigment was noted on the sides of the tail; the ventral surface 
was not seen. Much of the time they rolled high enough to show the white flank stripe; 
they did not expose much of the head forward of the blowhole, and the short, dark beak was 
not noticeable even when they swam near the ship. 

One normally colored adult was collected by the skillful harpoon of Chief Engineer 
William J. Shields of the Woods Hole Oceanographic Institution research vessel Bear. It 
was a young female, neither pregnant or lactating, which weighed 161 kg. (about 5 kg. in 
the water). The following dimensions are in centimeters: 

Length (snout to fluke notch, straight line), 225; length of beak (snout to melon), 4.5; 
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projection of tip of jaw beyond snout, 1; snout to blowhole (parallel to longitudinal axis), 
29; blowhole to right eye (following surface), 20; blowhole to left eye (following surface), 
18.5; snout to base of fin (parallel to longitudinal axis), 87; length of fin base, 35; maximum 
height of fin (perpendicular), 24; tip of jaw to origin of flipper (straight line) , 40; tip of jaw 
to axilla (straight line), 55; length of flipper (straight line, axilla to point), 25; anus to fluke 
notch (parallel to longitudinal axis), 61; span of flukes, 65; depth of small (31 cm forward of 
fluke notch), 24; thickness of small (31 cm forward of fluke notch), 6.5; and girth (between 
fin and flippers), 132. 

There were 8 (left)—12 (right) small dermal tubercles on the distal leading edge of the 
flippers (none on fins or flukes), reminiscent of those often mentioned in Phocoena. The 


30-30 
dental formula (palpable teeth) was 31.32" The skeleton is in the Museum of Comparative 


Zoology at Harvard College. 

When this porpoise was harpooned, the others did not stay with her, although for nearly 
ten minutes they loitered near the ship, but well away from the victim. (During this time a 
phonograph record of their calls was made.) This apparent indifference to the troubles of 
one of their number recalls the statement of Jonsgaard and Nordli that no panic arose among 
a group of 52 L. acutus while they were killed one after the other. However, we need not 
expect them always to behave this way, as witness Janssen’s report (in Hubbs, Jour. 
Mamm., 34: 498, 1953) of comradely devotion in L. obliquidens Gill, a closely related North 
Pacific form. 

While being lanced, our porpoise vomited two herring; ten more, freshly swallowed, 
were found in her gullet and stomach. The remaining stomach contents were partially di- 
gested fish, apparently the same species, from an earlier meal, together with two squid 
beaks and a fragment of a squid pen. The herring, averaging about 30 cm. long, were identi- 
fied as Clupea harengus Linnaeus by Dr. Richard H. Backus, to whom I am further grateful 
for active help in securing the porpoise. He jumped overboard to attach a hoisting line, and 
was impressed by the warmth of the body, which was conspicuous in the 15° C. water.— 
Wiuturam E. Scuevity, Woods Hole Oceanographic Institution, Woods Hole, Massachusetts. 
Received April 9, 19565. 

{Contribution $15 from the Woods Hole Oceanographic Institution] 


HEALING OF THE FRACTURED LEG BONE OF AN ELK 


On October 28, 1954, a bull elk, judged by dentition to be about 244 years old, was killed 
on the Williams Fork River drainage, Arapaho National Forest, Colorado. While the ani- 
mal was being skinned, an abnormal swelling on the lower tibia of the right leg was noticed. 
A small fragment of bone protruded a slight distance through a slightly festered wound. 
Later, an X-ray photograph disclosed the presence of metal (lead) indicating that the ani- 
mal had been injured by a rifle bullet. Judging from the thickness of bone fragments, and the 
knitting of the bones, it is probable that the elk was injured during the 1953 hunting season. 

The elk was moving at a fast walk when first seen, but no abnormality in gait nor per- 
ceptible limp was observed. The animal was otherwise in good condition, although perhaps 
light in weight for its age. There were no abnormalities of the antlers, other than three 
points on the right side and five on the left. 

The leg bone had healed sufficiently to function without apparent hindrance to the ani- 
mal. Less than five pounds of meat were discarded because of the injury. Whether the bones 
of an older animal would heal in a similar manner is conjectural, but in this case a seriously 
wounded animal was not “lost.”—Pavut F. Gitpert AND Rapa R. Hiix, Colorado Game 
and Fish Department, Hot Sulphur Springs, and United States Forest Service, Denver, Colo- 
rado. Received March 4, 1955. 


STABILITY OF FOOD DOMINANCE RELATIONSHIPS IN A FLOCK OF GOATS 


The purpose of this note is to describe food dominance relationships in a flock of goats 
(Capra hircus) studied for a period of nine years at the Roscoe B. Jackson Memorial Labora- 
tory (Hamilton Station) in Bar Harbor, Maine. We have attempted to determine the pattern 
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of food-related dominance relationships in this flock when tested in a similar situation over 
a period of time. 

In 1946, Scott (Anat. Rec., 94: 380-381, 1946) described the food dominance reactions and 
relationships in the goat flock. Stewart and Scott (Jour. Comp. Physiol. Psychol., 40: 255- 
264, 1947) reported on the lack of relationship between dominance and leadership in this 
flock. In 1948, Scott (Physiol. Zool., 21: 31-39) reported on dominance, frustration, and 
aggression in a feeding situation using the goat flock. Ross and Scott (Jour. Comp. Physiol. 
Psychol., 42: 75-80, 1949) described the relationship between dominance and control of 
movement in the same flock, and concluded that the basis for food-related dominance was 
dependent upon horns, age, weight, and sex. Since dominance relationships were studied in 
the subsequent years, it is instructive to reexamine the data and determine the degree of 
stability of the dominance hierarchy over theentire period. We express our sincere thanks to 
Dr. J. P. Scott, Chairman, Division of Behavior Studies, R. B. Jackson Memorial Labora- 
tory, for his advice, information and review of the manuscript. 

Flock formation and management.—Five adult goats, raised in the surrounding area, and 
one bottle-raised male constituted the original group started in 1945. These six goats were 
discarded after enough births had taken place to raise the number to 14. A total of some 
14 to 16 goats have been maintained since that time. Selection has been due to death by 
disease or accident, and by attempts to maintain an equal male/female ratio. Extra males 
are most frequently discarded. Younger goats rather than older goats are discarded. Finally, 
an attempt is made to retain more than one member of each age group. Some of the 1945 
flock were still alive during the early part of 1954. The flock has a large fenced area in which 
to graze and is relatively free from human interference, except for study or treatment. 

Although procedures varied slightly in the different studies, in general the following was 
done: The goats were free to graze in an area of about 6 acres. Each morning they were 
driven into a small enclosure and kept there without any food or water until mid-afternoon, 
at which time the dominance tests were made. This test consisted of placing a small quantity 
of food in a confined area in a feeding trough. This trough was small enough to allow only 
one goat to feed at a time, since its head occupied the entire space containing food. Two 
goats were sorted out from the flock and allowed to enter the feeding place. In this manner 
combinations of pairs of goats were tested. No goat was tested more than twice in any single 
day. 

Aggressive behavior usually ensued in the form of butting and pushing. These behaviors 


TaBLE 1.—Relative dominance status of flock members in various years! 








1945 1947 1949 1952 1953 1954 
2*,6 7 20 39 39 39 
3*, 4° 6 6 12 40 31, 32 
9 10 7 31, 24 12 24 
5*, 10*f ll 10 32 31 38 
8 12, 16, 19, 20 11, 12, 14 38 24 46 
7 14 16 30 52 41 
19 19 40, 41, 43 38 30 
13, 14 46 30 43 
11, 12 46 
43 
41 





1 The different number of subjects per year are due to removal by accident, disease or 
flock reduction, and to the variations in methods of measuring dominance and to the sub- 
jects studied at each time. 

* Members of the original flock. 

t Bottle raised. 
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were observed for a period of time during which dominance was usually settled with one 
goat remaining in possession of the food and the other one walking away. Behavior was 
recorded in terms of the frequency of (1) butting, (2) pushing, (3) eating, (4) walking away, 
during the test period. 

In Table 1 we have presented the dominance hierarchy as determined in several studies. 
The hierarchy represents relative ranking based upon paired competition. A rank order 
correlation was computed between the two dominance hierarchies obtained in 1947 and 1949 
and was found to be 0.53. However, this low value was largely determined by the rapid 
ascendency of one goat (#20). Since this goat was a young kid in 1947, he was readily de- 
feated by the others in the flock. However, when two years passed, this goat had grown in 
size and weight and developed a large set of horns which enabled him to rise quickly to the 
top of the hierarchy. 

The hierarchy tested in 1952 was compared to that in 1953 at which time the same goats 
were available for testing. When the rank order correlation for dominance rank was com- 
puted, a value of 0.71 was obtained. This coefficient reflects the high degree of stability of 
the dominance hierarchy. When the same flock of goats were retested in 1954, only two goats 
had died or been despatched. Dominance could be tested with the flock predominantly the 
same in composition. After the rank order was changed to compensate for the absence of 
the two goats in the 1953 study, it was then compared with the dominance hierarchy ob- 
tained in 1954. The rank order correlation was computed to be 0.89. 

From these results reported, it can be maintained that the food dominance order when 
tested in paired groupings in a flock of goats is a relatively stable one. However, a number of 
important variations may arise to offset this stability. These variations are due to the bio- 
logical and maturational changes which take place in certain of the younger members. 
Should these changes be of such a magnitude that the variables determining dominance 
favor these young goats, a rapid and dramatic change in the hierarchy status will take place. 
Ross and Scott (loc. cit.) have reported that these variables are size of horns, weight, age, 
size and sex. 

It is interesting to note that members of other species, such as primates and dogs, will 
sometimes operate together with other members of the group to defeat a more dominant 
animal. More frequently perhaps the combined attack will be against a weaker individual. 
We have not found such group fighting in goats. Goats are very much a herd animal in the 
sense that they prefer to stay close together and are rarely seen apart from the group. They 
will follow a leader who makes a dash for freedom when the flock is being driven in some 
direction. Apparently they do not combine to attack a more dominant goat. Their actions 
appear to be directed against single members of the flock. Each combat is a kind of private 
affair between two goats. A dominant goat will often butt another goat and perhaps a third, 
but the latter do not combine to butt back. We have explored these phenomena in a recent 
experiment which we expect to report on in the near future.—SHERMAN Ross aNnp JACOB 
Bera, Universityof Maryland, College Park, and University of Maine, Orono. (Present address: 
Jacob Berg, Veterans Administration Hospital, Long Beach, California.) Received January 
14, 1966. 
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REVIEWS 


Cockrum, E. L. Lasoratory MANvAL oF MAmMMALOGy. Burgess Publ. Co., Minneapolis. 
iii + 160 pp., illustr. 1955. Spiral, $4.00. 

It is encouraging to know that the teaching of mammalogy has now spread to enough 
schools to justify the commercial publication of a laboratory guide. Most of us have pre- 
pared our own or worked from sketchy outlines so far, but now we no longer have to do that. 

In the manual under review, there are numerous sketches for students to label, and blank 
spaces where students may make their own sketches. Perhaps the simplest way to describe 
the manual is to give the main headings of subject matter covered. These are: Classification 
and Nomenclature, Structural Characters (skull, parts of skeleton, and external), Identifi- 
cation (with keys), Pelages and Molts, Geological History, Distribution and Migration, 
Life History, Hibernation, Territories and Home Ranges, Reproduction and Development, 
Mammalian Populations, Field Methods, Bibliography (by States and Provinces, and by 
Life History Studies and Orders), Suggested Problems (Field, Laboratory, and Library). 
There are also literature references given at the end of each section. 

The key, I believe, will work pretty well if the student has both skin and skull before 
him, but without both of the elements it is of little use. The classification is that of Simp- 
son. I must admit that it disturbs me somewhat to try to follow Simpson’s classification 
when, to me, there is no real justification for re-arranging the higher categories as he has 
done. In theory, all categories should be arranged in true phylogenetic order to show rela- 
tionships. But, any linear arrangement is destined to failure in this respect if our present 
ideas of evolutionary processes are correct. So, in many instances, our arrangement is 
arbitrary and pretty much a matter of convenience. This is not intended to be a criticism 
of Cockrum, he has plenty of company in the use of the ‘‘New Classification.’’ Personally, 
I shall hold out a while longer, at least until new evidence is presented to convince me that 
the new system shows true relationships better than the old. 

There are many minor errors, typographical and otherwise, through the text. However, 
they do not detract materially from the usefulness of this new manual. I can recommend it 
for serious consideration by those who are teaching courses in Mammalogy.—WI 1am H. 
Burt, University of Michigan, Ann Arbor. 

Sanderson, Ivan T. Living MAamMMALs or THE WorLD. Hanover House, Garden City, 
New York. 303 pp., 330 photographs (196 color). 1955. Cloth, $9.95. 

This handsome volume is primarily a splendid collection of photographs of mammals of 
the world, many of them in full color. Many of them appear to have been taken of posed 
animals in captivity but this does not detract from their pictorial elegance, although leav- 
ing something to be desired from the standpoint of illustrating the natural habitat. It would 
have been better to have indicated which pictures represent the animal in its native habitat 
than to let the reader assume he is seeing the real thing. For example, in the beautiful color 
photographs of the Indian elephants, the puma, and the lion, by LaTour, one suspects he 
sees the identical reclining tree trunks of what appears to be a live-oak tree from California. 

Despite this, the author has done a real service in assembling so complete and handsome a 
collection of photographs. He and the photographers should be congratulated as well as the 
publisher who has reproduced them so well. The marvelous detail shown in most of the color 
plates reveals the amazing range of mammalian variety. 

The text that accompanies the photographs is an attempt to characterize, locate, briefly 
describe, and sometimes to give habits of the mammals of the world. This is obviously a 
great task and it was inevitable that some mistakes should be made. However, reading the 
text left this reviewer with the uneasy feeling that had he checked all sections thoroughly 
he would have found many more obvious errors of fact than he did in those few sections that 
were closely inspected. In the introduction it is stated that other than mammals, ‘“‘No 
other animals . . . have a four-chambered heart.’’ Ornithologists will hardly agree also that 
‘‘Birds are really all the same beneath the skin’?! The author shows too little familiarity with 
some of the recent literature on mammals when, on page 15, he says ‘‘. . . it is now sus- 
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pected that the bites of certain shrews may be poisonous.” Certainly this has been fully 
demonstrated for Blarina by Pearson (in 1942). 

The economic influence of a number of mammals is greatly exaggerated, e.g., on page 50 
for soricids it is doubtful that ‘‘. . . the whole economy of nature . . . would be thrown into 
a turmoil at the least,’’ if they were eliminated; or, on page 114, without rodents we would 
be ‘swamped by the insects in a matter of weeks.’’ Neither need we fear rodents (p. 115) 
because “‘some display terrifying intelligence and powers of learning.” 

The author has an unhappy habit of taking a bit of information and running away with 
it to the tune of superlative adjectives, e.g., ‘“Their activities [pocket gophers] have been 
conducted on a mass scale for tens of thousands of years and this has resulted in a gigantic 
ploughing up of the whole land surface, plus the continued cropping and transplanting of 
herbs and other vegetation. Had there never been any Pocket-Gophers half of North and 
considerable parts of Central America would today have an altogether different vegetation, 
appearance, and possibly climate.’’ On page 121 Peromyscus ‘‘does a great deal of good 
by keeping down the insect population.’? On the other hand, as far as Microtus and 
Clethrionomys are concerned ‘‘there is little to be said about these small rodents,’’ pre- 
sumably from the economic standpoint. Their food is said to be ‘‘all manner of seeds, small 
nuts, insects, and some herbage’’ (italics mine). 

On page 197 the red fox is said to control rodent pests and the same is said for the weasel 
on page 203, ‘‘Were it not for weasels, rodents might well have defeated man’s early at- 
tempts at agriculture ...’’ I know some people who will hardly agree that ‘Cheetahs 
have proved to be the only successful means of killing coyotes in the Southwest of the 
po rs 

One wearies of this type of criticism but on some of those pages inspected closely I 
found the following: Sorex dispar as a ‘‘common”’ American species of shrew; Notiosorexr 
has a white stripe down the hind back’’; Blarina hibernates; forest shrews “‘. . . lead much 
the same lives [as common shrews] except that they do not as far as we know hibernate.” 
(All on p. 51); ‘‘Scalops”’ for Scalopus (p. 53); for Urotrichus and Neurotrichus, ‘‘. . . both 
have very large hands armed with great claws,’’ (p. 53, statement reversed on p. 54); do- 
mestic rabbits are domesticated European hares (p. 112); Aplodontidae “. . . cheek teeth 
have no roots at all.” (p. 115); the mystery of lemming cycles neatly and apparently finally 
solved on the basis of Vitamin E or other vitamins (p. 123); ‘“‘Pitmys’’ for Pitymys and 
moles for voles (p. 124); rats have more ‘‘common sense”’ than we do, more practical ‘“‘com- 
passion,’’ and practice sounder eugenics (p. 125); ‘‘horns”’ for antlers (pp. 250, 251); ‘“‘Wa- 
piti’” for eastern Siberian red deer but apparently not for the American Cervus (p. 251); 
moose make yards by “trampling down the snow and piling it up around the edges into a 
bank ...’’ (italics mine, p. 253); ‘‘All reindeer in the wider sense have . . . a pronounced 
dewlap depending from their throats.’’ (p. 253). 

One regrets that the text was not checked more carefully for errors of fact and over- 
statement because it does provide a most convenient overall general account of world 
mammals, and the great amount of labor involved in its preparation justified greater 
care to ensure accuracy. Certainly the work, by virtue of the combination of beautiful, 
clear photographs with a compact textual account in a popular vein, will find a wide sale 
among those interested in natural history —W. Roperr Eapie. 

Bourliére, Francois, MAMMALS oF THE WorLD. THEIR Lire AND Hasirts. Alfred A. 
Knopf, New York. 1955. 223 pp., 200+ photographs (24 color), 34 line drawings. Cloth, 
$12.50. 

That two magnificent collections of mammal photographs were published in the same 
year in book form is indeed a coincidence. It augurs well for increased public interest in and 
acquaintance with the vast assemblage of mammals still remaining on the earth. A greater 
general knowledge may well result in sympathy and aid for those attempting to preserve a 
representative mammalian fauna in the face of great obstacles. 

Bourliér’s work differs from that of Sanderson’s in several ways. The mammals pictured 
here are, for the most part, in their natural environments. This leaves the reader with a 
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distinct feeling that he is viewing a brief moment from the actual lives of the animals and 
adds greatly to his understanding and appreciation of mammals. The color plates appear 
to have been reproduced by a photographic process rather than by printing. This gives a 
softer more artistic effect, and many of the plates have great beauty although sometimes 
lacking in detail. 

Bourliére’s text attempts to give the reader a brief survey of the mammals by ecological 
regions. Because of limitations of space and format this sometimes becomes a mere listing 
of characteristic forms of mammals occurring in particular faunal regions. However, many 
of the mammals in each region are singled out for brief natural history sketches. When one 
considers that the entire temperate mammalian fauna of the forests and prairies of North 
America is covered in less than four pages, it is easy to understand the limitations of the 
discussions. Nevertheless the author has been successful in giving the lay reader a good 
overall view of the mammal world. 

The characteristics of the Class Mammalia and the orders are briefly summarized in an 
introductory section. Scientific species names are given, for the most part, only in the 
index, and there is a short bibliography of general and regional works. 

The information in this book could have been made more easily accessible to the reader 
through the use of a larger number of headings. For the most part only a leaded space 
separates major subsections and no space would have been lost by inserting appropriate 
headings there. 

This book appears to be relatively free from errors of fact, although one notes the list- 
ing of wolves for New York. Also to call the patagium of the flying squirrel a “‘flying mem- 
brane”’ only perpetuates an illusion. Jumping mice of America (Zapus and Napaeozapus) 
are hardly ‘rather southern forms” since the ranges of some extend well into Alaska in 
the west and to northern Labrador in the east. 

Such points are minor, however, and do not detract materially from the value of this 
excellent general survey of the mammals occupying the great faunal regions of the world.— 
W. Roperr Eapte. 


RECENT LITERATURE 


(Conducted by David H. Johnson, Claude W. Hibbard, Charles P. Lyman, Richard H. 
Manville, and Henry W. Setzer) 


[Reprints of this section may be purchased from the Corresponding Secretary] 


ALVAREZ DEL Toro, MiGcug.. Animales silvestres de Chiapas. Ediciones del Gobierno del 
Estado, Tuxtla Gutierrez, Chiapas, pp. 247, illus. 1952. 

Anastasi, ANNE, J. L. Fuuier, J. P. Scorr, anp J. R. Scumirt. A factor analysis of the 
performance of dogs on certain learning tests. Zoologica, New York Zool. Soc., 
vol. 40, pt. 1, pp. 33-46. May 14, 1955. 

ANDREW, WARREN, AND Nancy V. ANpDREw. Lymphocytes in normal epidermis of young, 
older middle-aged, and senile rats. Jour. Gerontology, vol. 9, no. 4, pp. 412-420, 
illus. October, 1954. 

AvuRreE.io Basiiio, R. P. La vida animal en la Guinea Espafiola. Inst. Estudios Africanos, 
Madrid, pp. 146, pls. 1952. 

Baker, Roun H. A new cottontail (Sylvilagus floridanus) from northeastern Mexico. 
Univ. Kansas Publ., Mus. Nat. Hist., vol. 7, no. 13, pp. 609-612. April 8, 1955. 
(New: S. f. nelsoni) 

BanFiE.p, A. W. F. A provisional life table for the Barren Ground caribou. Canadian Jour. 
Zool., vol. 33, pp. 143-147. 1955. 

Barnett, C. H. Some factors influencing angulation of the neck of the mammalian talus. 
Jour. Anatomy, Cambridge, England, vol. 89, pt. 2, pp. 225-230. April, 1955. 











ate 


del 


the 
0C., 


ing, 
420, 


nos, 


<ico. 


955. 


four. 


alus. 














Feb., 1956 RECENT LITERATURE 135 


Biswas, Brswamoy, AND H. Kuasurta. Zoological results of the ‘Daily Mail’ Himalayan 
Expedition 1954. Four new mammals from Khumba, eastern Nepal. Proc. Zool. 
Soc., Calcutta, vol. 8, no. 1, pp. 25-30. March, 1955. (New: Ochotona augdawai, 
Rattus rattus khumbuensis, Mus musculus pygmaeus, Alticola bhatnagari). 

Bovey, Rens. Observations sur les chiroptéres du canton de Vaud et des régions voisines. 
Bull. Soc. Vaudoise Sci. Nat., Lausanne, vol. 66, no. 286, pp. 1-18. 1954. 

BucuanaNn, G. Dae. Nine-banded armadillo—invader from the south. Animal Kingdom, 
New York Zool. Soc., vol. 58, no. 3, pp. 82-88. June, 1955. 

Cuow, Mrncuen M. Villafranchian mammals from Tongshanchen Basin, southern Shansi. 
Acta Paleontol. Sinica, vol. 3, pp. 333-342, illus. 1954. (New: Azis rugosus) 

ConisBEB, L. R. A preliminary survey of the wild land mammals of the Hastings district. 
Hastings and East Sussex Naturalist, vol. 8, no. 4, pp. 108-124. 1955. 

Cowan, Ian McTaaa@arrt. Wildlife Conservation in Canada. Jour. Wildlife Management, 
Ithaca, vol. 19, no. 2, pp. 161-176. April, 1955. 

Davis, D. Dwicur. Masticatory apparatus in the spectacled bear (T’remarctos ornatus). 
Fieldiana: Zoology, Chicago Nat. Hist. Mus., vol. 37, pp. 25-46, illus. June 19, 
1955. 

DEKEYSER, P. L., anp A. ViLurEeRs. Cephalophe a dos jaune et cephalophe de Jentink. Notes 
Africaines, Bull. Inform. et Correspondence Inst. Frangais Afrique Noire, no. 
66, pp. 54-57. April, 1955. 

Dice, Lege R. What is ecology? Sci. Monthly, Lancaster, vol. 80, no. 6, pp. 346-351. June, 
1955. 

DuntTon, Sam. Black bear cubs at last. Animal Kingdom, New York Zool. Soc., vol. 58, no. 
3, cover and pp. 80-81. June, 1955. (Six photos of Euarctos.) 

DurRRANT, STEPHEN D., anpD M. Raymonp Lez. Three new pikas (Genus Ochotona) from 
Utah. Proc. Biol. Soc. Washington, vol. 68, pp. 1-10. May 20, 1955. (New: Ocho- 
tona princeps wasatchensis, O. p. lasalensis, O. p. barnesi.) 

Ecxe, Dean H. The reproductive cycle of the Mearns cottontail in Illinois. Amer. Midland 
Nat., Notre Dame, vol. 53, no. 2, pp. 294-311. April, 1955. 

EssaPraAN, Frank S. Speed-induced skin folds in the bottle-nosed porpoise, Tursiops 
truncatus. Breviora Mus. Comp. Zool. Cambridge, no. 43, pp. 1-4, pls. 9. April 
7, 1955. 

Finpuey, James 8. Taxonomy and distribution of some American shrews. Univ. Kansas 
Publ., Mus. Nat. Hist., Lawrence, vol. 7, no. 14, pp. 613-618. June 10, 1955. 

Fitcu, Henry S., aNnp Ropert L. Packarp. The coyote on a natural area in northeastern 
Kansas. Trans. Kansas Acad. Sci., vol. 58, no. 2, pp. 211-221. 1955. 

ForsTHOEFEL, Pau.inus F. A study of the effect of heterozygosis on litter size in the mouse 
Mus musculus. Ohio Jour. Sci., vol. 54, no. 2, pp. 135-141. March, 1954. 

Foster, Bristou. Arctic fox (Alopex lagopus) at Churchill, Manitoba. Ontario Field 
Biologist, Toronto, no. 9, pp. 17-19, illus. May, 1955. 

Francis, GeorGE. Recent occurrences of the smoky shrew in the Toronto region. Ontario 
Field Biologist, Toronto, no. 9, pp. 19-20, illus. May, 1955. 

Friant, MADELEINE. Le developpement du cerveau chez un singe, le Semnopitheque 
(Semnopithecus priamus Blyth), et les caracteristiques du developpement cere- 
bral des Semnopithecidae. Ann. Soc. Roy. Zool. Belgique, vol. 85, no. 1, pp. 39- 
60. 1953. 

Friant, MADELEINE. Le cerveau des Suidae du nouveau monde (Dicotylinae). Ann. Soc. 
Roy. Zool. Belgique, vol. 85, no. 2, pp. 293-300. 1953. 

GALBREATH, Epwin C. A new eomyid rodent from the lower Oligocene of northeastern 
Colorado. Trans. Kansas Acad. Sci., vol. 58, no. 1, pp. 75-78, illus. March 26, 
1955. (New: Centimanomys; C. major.) 

GALBREATH, Epwtn C. Skull and skeleton of a mustelid, ‘Deediapeiie. from the Miocene of 
northeastern Colorado. Univ. Kansas Paleont. Contrib., Vertebrata, art. 5, pp. 
1-15, illus. June 1, 1955. 











136 JOURNAL OF MAMMALOGY Vol. 37, No. 1 


GaMBARYAN, P. P. Biomekhanika pikoshetiruyushchego prizhka u grizunov. Zool. Zhurnal, 
vol. 34, no. 3, pp. 621-630. 1955. (Locomotion in rodents). 

Goopwin, GzeorGe G. Two white-footed mice from Oaxaca, Mexico. Amer. Mus. Novitates, 
New York, no. 1732, pp. 5. June 10, 1955. (New: Peromyscus banderanus sloeops, 
P. hylocetes yautepecus.) 

Goopwin, GeorGce G. New tree-climbing rats from Mexico and Colombia. Amer. Mus. 
Novitates, New York, no. 1738, pp. 5. June 10, 1955. (New: Tylomys nudicaudus 
microdon, T’. mirae bogotensis.) 

Grar, Witu1AM. Cottontail rabbit introductions and distribution in western Oregon. Jour. 
Wildlife Management, Ithaca, vol. 19, no. 2, pp. 184-188. April, 1955. 

Green, Earu L. The genetics of a new hair deficiency, furless, in the house mouse. Jour. 
Heredity, Washington, vol. 45, no. 3, pp. 115-118. May-June, 1954. 

Grizg.u, Roy A., Jr. A study of the southern Woodchuck, Marmota monax monax. Amer. 
Midland Nat., Notre Dame, vol. 53, no. 2, pp. 257-293. April, 1955. 

Hamiton, W. J., Jr. A new subspecies of Blarina brevicauda from Florida. Proc. Biol. Soc. 
Washington, vol. 68, pp. 37-40. May 20, 1955. (New: B. b. shermani.) 

Harpy, G. A. The natural history of the Forbidden Plateau area, Vancouver Island, British 
Columbia. Rept. Provincial Mus. Nat. Hist. & Anthropol., Victoria, British 
Columbia, 1954, pp. B24-B63, map. 1955. (Mammals, pp. B61-B62). 

Hart, J.S., anp O. Heroux. Exercise and temperature regulation in lemmings and rabbits. 
Canadian Jour. Biochem. & Physiol., Ottawa, vol. 33, no. 3, pp. 428-425. May, 
1955. 

Hervant, Marc. Etude comparative sur l’activite genitale des cheiropteres. Ann. Soc. Roy. 
Zool. Belgique, vol. 85, no. 1, pp. 87-116. 1953. 

Hersukovitz, Puriie. South American marsh rats, genus Holochilus, with a summary of 
sigmodont rodents. Fieldiana: Zoology, Chicago Nat. Hist. Mus., vol. 37, pp. 
639-688, illus. June 19, 1955. (New: H. magnus.) 

Hiacinsporuam, A. C., ano W. E. Koon. Temperature regulation in the Virginia opposum. 
Amer. Jour. Physiol., Washington, vol. 181, no. 1, pp. 69-71. April, 1955. 

Hock, Raymonp J. Southwestern exotic Felids. Amer. Midland Nat., Notre Dame, vol. 53, 
no. 2, pp. 324-328. April, 1955. 

HorrMetsTer, DoNALp F., aNp Joun E. Warnock. The harvest mouse (Reithrodontomys 
megalotis) in Illinois and its taxonomic status. Trans. Illinois Acad. Sci., vol. 
47, pp. 161-164. April, 1955. 

Hoskins, Leonarp W., anv Paut D. Dauxes. Winter browse on the Pocatello Big Game 
Range in southeastern Idaho. Jour. Wildlife Management, Ithaca, vol. 19, no. 
2, pp. 215-225. April, 1955. 

Hiirzever, J. Contribution a l’odontologie et la phylogénése du genre Pliopithecus Gervais. 
Ann. Paléontol., Paris, vol. 40, pp. 1-63, illus. 1954. (New: P. piveteaui.) 

Husson, A. M. Note on the cotypes of Vespertilio harpia Temminck, 1840 (Mammalia, 
Chiroptera, genus Harpiocephalus). Zool. Mededel. Rijksmus. Nat. Hist. Leiden, 
vol. 33, no. 16, pp. 121-125. June 23, 1955. 

ImarzuMI, YOSHINORI. Taxonomic studies on the Japanese mountain mole (Talpa mizura), 
with descriptions of two new subspecies. Bull. Nat. Sci. Mus., Tokyo, vol. 2, no. 
1, pp. 26-38. March, 1955. (New: 7’. m. hiwaensis, T’. m. ohtat.) 

InvinG, LAURENCE, AND JoHN Kroa. Temperature of skin in the Arctic as a regulator of 
heat. Jour. Applied Physiol., vol. 7, no. 4, pp. 355-364. January, 1955. 
KarTMAN, Leo, AND Ricuarp P. LonerGAN. Observations on rats in an enzootic plague 
region of Hawaii. Public Health Repts., U. 8S. Public Health Service, Washing- 

ton, vol. 70, no. 6, pp. 585-593. June, 1955. 

Kina, Joun A. Social behavior, social organization, and population dynamics in a black- 
tailed prairiedog town in the Black Hills of South Dakota. Contrib. Lab. Vert. 
Biol., Univ. Michigan, Ann Arbor, no. 67, pp. 1-123, pls. 1-4. April, 1955. 

Kororp, Cart B. Nuevos mamiferos para Chile. Investig. Zool. Chilenas, Santiago, vol. 2, 
fasc. 6, pp. 95-96. October, 1954. 

















Lys 
me 
no. 
iis. 
lia, 
a), 
no. 
r of 


gue 
ng- 


uck- 
ert. 











Feb., 1956 RECENT LITERATURE 137 


Koopman, Kart F., anp Rupo.ro RurBau. Cave-fossil vertebrates from Camaguey, Cuba. 
Breviora Mus. Comp. Zool., no. 46, pp. 1-8. June 24, 1955. 

Kovrowsk1, HiLary, ET AL. Practical problems in rabies control. Public Health Repts., 
U.S. Public Health Service, Washington, vol. 70, no. 6, pp. 564-569. June, 1955. 
(A panel discussion). 

Kosuxina, T. V. Metod opredeleniya vozracta rizhikh polevoi i opit ego primeneniya. Zool. 
Zhurnal, vol. 34, no. 3, pp. 631-639. 1955. (Microtine tooth development). 

KiHLHorN, Friepricu. Ursprung und Insertion der wichtigsten Muskeln der Vorder- 
extremitaét der Massaigiraffe. Anat. Anzeiger, vol. 101, no. 16-19, pp. 237-242, 
illus. 1955. 

Lavocat, R. Origine et répartition primitive des mammiféres tertiaires. Mammalia, Paris, 
vol. 19, no. 2, pp. 302-308. June, 1955. 

LinDEBORG, Rosert G. Water conservation in Perognathus and Peromyscus. Ecology, 
Durham, vol. 36, no. 2, pp. 338-339. April, 1955. 

Lyman, C. P., anp P. O. Cuatrte.p. Physiology of hibernation in mammals. Physiol. Re- 
views, Washington, vol. 35, no. 2, pp. 403-425. April, 1955. 

Makarov, N. I., E. P. Makarov, anp V. G. BaGarv. Zezonnaya i vozrastnaya 
infektsionnaya chuvstvitelnost malogo suslika (Citellus pygmaeus Pall.) k 
tulgaremii. Zool. Zhurnal, vol. 34, no. 3, pp. 652-657. 1955. 

Martin, HeLen M. Mastodons, mammoths, elephants. Michigan Conserv., Lansing, vol. 
24, no. 2, pp. 24-26, illus. March, 1955. 

Marty, J.-P. Les antilopes d’Afrique sont-elles menacées par |’industrie des peaux. Mam- 
malia, Paris, vol. 19, no. 2, pp. 344-346. June, 1955. 

McCuttocu, Cuiay Y., Jr. Utilization of winter browse on wilderness big game range. Jour. 
Wildlife Management, Ithaca, vol. 19, no. 2, pp. 206-215. April, 1955. 

Meester, J. Fossil shrews of South Africa. Ann. Transvaal Mus., vol. 22, no. 3, pp. 271-278, 
table. January 24, 1955. (New: Myosorex robinsoni.) 

Mitts, I. H. The prenatal sex ratios in wild rabbits. Jour. Endocrinol., Cambridge, Eng- 
land, vol. 12, no. 3, pp. ix-xi (proceedings). May, 1955. 

Moures, Franz Peter, AnD Erwin Kuuzer. Ein neuer, kombinierter Typ der Ultraschallo- 
rientierung bei Fledermiusen. Die Naturwissenschaften, vol. 42, no. 5, pp. 13i- 
132. 1955. 

Mossman, Arcur® S. Reproduction of the brush rabbit in California. Jour. Wildlife Man- 
agement, Ithaca, vol. 19, no. 2, pp. 177-184, illus. April, 1955. 

Murray, P. D. F. The fusion of parallel long bones and the formation of second- 
ary cartilage. Australian Jour. Zool., vol. 2, no. 3, pp. 364-380, pls. 1-4. 1954. 

Oxtvier, GrorGes, CLaupE Lipersa, AND Rapuai. Fenarrt. Le crane du semnopithéque. 
Mammalia, Paris, vol. 19, no. 1, pp. 1-292, pl. 1. March, 1955. 

Pascua, Rosenpo. Los toxodéntidos del ‘‘Colloncurese’”’ descriptos por Roth y su pre- 
sencia en el Santacruciano. Notas del Museo, Fac. Cien. Nat., Univ. Nac. Eva 
Perén, Argentina, vol. 17, paleontol. no. 100, pp. 95-111, pl. 1. August 16, 1954. 

Parrerson, Bryan. A symmetrodont from the early Cretaceous of northern Texas. Fieldi- 
ana: Zoology, Chicago Nat. Hist. Mus., vol. 37, pp. 689-693, illus. June 19, 1955. 
(New: Spalacotheroides, S. bridwelli.) 

Pauta Couto, C. pr. Sébre um Gliptodonte do Uruguai e um Tatu féssil do Brasil. Notas 
Prelim. Estudos, Div. Geol. Min., Dept. Nac. Prod. Mineral, Rio de Janeiro, no. 
80, pp. 1-10, illus. July, 1954. (New: subfamily Pampatheriinae) 

Pauta CourTo, C. pg. Sébre os toxodontes Haplodontheriinae. Notas Prelim. Estudos, Dir. 
Geol. Min., Dept. Nac. Prod. Mineral, Rio de Janeiro, no. 82, pp. 1-11, illus. 
August, 1954. 

PaULIAN, Patrice. Sur l’Age et la croissance du léopard de mer Hydrurga leptonyx (de 
Blainville). Mammalia, Paris, vol. 19, no. 2, pp. 347-365, illus. June, 1955. 

Prerrer, Francis. Les terriers de Meriones crassus et de Pachyuromys duprasi (rongeurs, 
gerbillidés). Mammalia, Paris, vol. 19, no. 2, pp. 325-334, illus. June, 1955. 

Puitip, Cornetius B., J. Frepertck Bei, anp Cart L. Larson. Evidence of infectious 
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diseases and parasites in a peak population of black-tailed jack rabbits in Ne- 
vada. Jour. Wildlife Management, Ithaca, vol. 19, no. 2, pp. 225-233, illus., April, 
1955. 

ProGuLsKE, DonaLtp R. Game animals utilized as food by the bobcat in the southern 
Appalachians. Jour. Wildlife Management, Ithaca, vol. 19, no. 2, pp. 249-253. 
April, 1955. 

Rarney, Dennis G. Observations on the white-footed mouse in eastern Kansas. Trans. 
Kansas Acad. Sci., vol. 58, no. 2, pp. 225-228. 1955. 

Rainey, Dennis G., AND Rouurn H. Baker. The pigmy woodrat, Neotoma goldmani, its 
distribution and systematic position. Univ. Kansas Publ., Mus. Nai. Hist., 
Lawrence, vol. 7, no. 15, pp. 619-624. June 10, 1955. 

RAVNINGER, R. Report on the whale marking voyage of the ‘‘Enern”’ to the Antarctic 1954. 
Norsk Hvalfangst-Tidende (Norwegian Whaling Gazette), vol. 44, no. 6, pp. 
310-315. June, 1955. 

Ricuarp, P.-B. Biévres constructeurs de barrages. Mammalia, Paris, vol. 19, no. 2, pp. 293- 
301, illus. June, 1955. 

RINGUELET, ANDRE{NA B. pe. Revision de los didelfidos fosiles argentinos. Rev. Museo, 
Fac. Cien. Nat., Univ. Nac. Eva Perén, Argentina, n.s., vol. 3, palaeontol. no. 
19, pp. 265-308, pls. 7. April 12, 1954. (New: Microbiotheridion.) 

Roonwat, M. L. Correct name, authorship and date of Blyth’s vole, Pitymys (Phaiomys) 
leucurus Blyth, occurring in Ladak, Kashmir. (Mammalia, Rodentia, family 
Muridae). Jour. Zool. Soc. India, Calcutta, vol. 5, no. 1, pp. 41-43. June, 1953. 

RoseNne, Water, Jr. Bicolor as a rabbit food. Jour. Wildlife Management, Ithaca, vol. 19, 
no. 2, p. 324. April, 1955. 

Russe.u, Ropert J., AnD Rotuin H. Baker. Geographic variation in the pocket gopher, 
Cratogeomys castanops, in Coahuila, México. Univ. Kansas Publ., Mus. Nat. 
Hist., Lawrence, vol. 7, no. 12, pp. 591-608. March 15, 1955. (New: C. c. bullatus, 
C.c. ustulatus, C. c. jucundus, C. c. sordidulus.) 

RyckMAN, Raymonpv E., Cuester C. Linpt, CHarutes T. Amus, AND Rosert D. LEE. 
Seasonal incidence of fleas on the California ground squirrel in Orange County, 
California. Jour. Economic Entomol., vol. 47, no. 6, pp. 1070-1074. December, 
1954. 

RyckMAN, Raymonp E., anp Cuester C. Linpt. Cuterebra lepivora reared from Sylvilagus 
audubonii sanctidiegi in San Bernardino County, California. Jour. Economic 
Entomol., vol. 47, no. 6, pp. 1146-1148. December, 1954. 

Ryzen, M., anv B. Camppexu. Organization of the cerebral cortex. III. The cortex of 
Sorex pacificus. Jour. Comp. Neurology, Philadelphia, vol. 102, no. 2, pp. 365- 
424. April, 1955. 

Sampson, FRANK W., AND ALLEN Broun. Missouri’s program of extension predator control. 
Jour. Wildlife Management, Ithaca, vol. 19, no. 2, pp. 272-280. April, 1955. 

SaNnBoRN, CoLin CAMPBELL. Malay tapir. Zoonooz, Zool. Soc. San Diego, vol. 28, no. 5, 
pp. 7-10, illus. May, 1955. 

SANBORN, Cotin CAMPBELL. Remarks on the bats of the genus Vampyrops. Fieldiana: 
Zoology, Chicago Nat. Hist. Mus., vol. 37, pp. 403-413. June 19, 1955. 
Scuerrer, Victor B. :Son exclusivos del oeste de Norteamericana los micromonticulos de 
tipo Mima? Investig. Zool. Chilenas, Santiago, vol. 2, fase. 6, pp. 89-94, illus. 

October, 1954. (Thought to be of pocket gopher origin.) 

Scorr, Tuomas G. Dietary patterns of red and gray foxes. Ecology, Durham, vol. 36, no. 
2, pp. 366-367. April, 1955. 

Seevers, Cuarves H. A revision of the tribe Amblyopinini: Staphylinid beetles parasitic 
on mammals. Fieldiana: Zoology, Chicago Nat. Hist. Mus., vol. 37, pp. 211-264, 
illus. June 19, 1955. (List of mammalian hosts, pp. 261-262.) 

Se.iarG, Jouns. Sealing. Norsk Hvalfangst-Tidende (Norwegian Whaling Gazette), vol. 
44, no. 6, pp. 316-323, illus. June, 1955. 
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Serarinsk1, WLopzimiEeRz. Morphological and ecological investigations on Polish species of 
the genus Sorex L. (Insectivora, Soricidae). Acta Theriologica, Inst. Zool. Polska 
Akad. Nauk, Warsaw, vol. 1, no. 3, pp. 27-86. March 30, 1955. (In Polish, with 
Russian and English summaries.) 

Suick, CuarRLes. Control of nuisance wild animals and birds. Cooperative Extension 
Service, Michigan State Coll., East Lansing, and Game Division, Michigan Dept. 
Conserv., Lansing, Information Circular no. 93, pp. 19., mimeo. April 26, 1955. 

SHOTWELL, J. ARNOLD. An approach to the paleoecology of mammals. Ecology, Durham, 
vol. 36, no. 2, pp. 327-337, illus. April, 1955. 

Simpson, GeorGce G. The Phenacolemuridae, new family of early primates. Bull. Amer. 
Mus. Nat. Hist., vol. 105, art. 5, pp. 417-441, pls. 30-35. March 21, 1955. (New: 
Phenacolemuridae; Phenacolemur jepseni.) 

Sxres, Nicnouas, aND Beatrice Gsuric. Contribution a |’étude des noctules (Nyctalus 
noctula Schreb.) en liberte et en captivité. Mammalia, Paris, vol. 19, no. 2, pp. 
335-343, illus. June, 1955. 

Super, E. J. Verzoek om Medewerking aan Nederlandse Zeevarenden voor het Waarnemen 
van Walvissen. Netherlands Whale Research Group T.N.O., Zodlogisch Labora- 
torium Univ. Amsterdam, pp. 1-22, figs. 17. 1954. 

S.ispeER, E. J. De betekenis van het biologisch onderzoek voor het behound van de walvis- 
senstand. Nederlandsche Commissie voor Internationale Natuurbescherming, 
Amsterdam, Mededelingen no. 15, pp. 1-8, figs. 2. January, 1955. 

SouTuwick, Cuarues H. The population dynamics of confined house mice supplied with un- 
limited food. Ecology, Durham, vol. 36, no. 2, pp. 212-225, illus. April, 1955. 

Srains, Howarp J., anD Rospert L. Packarp. Occurrence of the mink, west of the Hun- 
dredth Meridian, in Kansas. Trans. Kansas Acad. Sci., vol. 58, no. 2, pp. 222-224. 
1955. 

Sreen, M. O., ALLEN Broun, AND DunBAR Ross. A survey of brucellosis in white-tailed 
deer in Missouri. Jour. Wildlife Management, Ithaca, vol. 19, no. 2, pp. 320-321. 
April, 1955. 

Srotx, A. Some inflammations in whales. II. Proc. Kon. Nederlandse Akad. Wetensch., 
Amsterdam, ser. C, vol. 57, no. 3, pp. 254-257, figs. 5-6. 1954. 

Srotx, A. A new case of hepatic cirrhosis in the blue whale Balaenoptera musculus (L.). 
Proc. Kon. Nedcrlandse Akad. Wetensch., Amsterdam., ser. C, vol. 57, no. 3, 
pp. 258-260, figs. 5-8. 1954. 

SUOMALAINEN, Paavo, AND Samui Sarasas. The heart rate in the hibernating hedgehog. 
Ann. Zool. Soc. Zool. Bot. Fennicae “‘Vanamo’’, vol. 14, no. 2, pp. 1-8. 1951. 

Torre, Luis pg LA. Bats from Guerrero, Jalisco and Oaxaca, Mexico. Fieldiana: Zoology, 
Chicago Nat. Hist. Mus., vol. 37, pp. 695-704, illus., 2 plates. June 19, 1955. 

TsiGanKov, D. S. Metodika opredeleniya vozrasta i prodoizhitelnost zhizni ondatri (Fiber 
zibethicus.) Zool. Zhurnal, vol. 34, no. 3, pp. 640-651. 1955. 

Tucker, Ricuarp. Pronounced parameral differentiation in the wombat (Lasiorhinus). 
Proc. Roy. Soc. Queensland, vol. 65, pp. 71-74. 1954. 

VERHEYEN, R. Contribution a l’éthologie du waterbuck Kobus defassa ugandae Neumann et 
de l’antilope harnachée T'rragelaphus scriptus (Pallas). Mammalia, Paris, vol. 19, 
no. 2, pp. 309-319. June, 1955. 

Viret, JEAN. A propos de l’oréopithéque. Mammalia, Paris, vol. 19, no. 2, pp. 320-324. 
June, 1955. 

WaurMan, J., anp A. Zanavi. Cytological contributions to the phylogeny and classifica- 
tion of the rodent genus Gerbillus. Nature, London, vol. 175, no. 4457, pp. 600- 
602, figs. 2. April 2, 1955. 

Weppe tt, G., E. Patmer, anp W. Patuie. Nerve endings in mammalian skin. Biol. Re- 
views, Cambridge, England, vol. 30, no. 2, pp. 159-195. May, 1955. 

Weinman, Marrua. The marvels in our museums: Nature is full of surprises. Collier’s, 
Springfield, for June 24, 1955, pp. 62-67, illus. (Exhibits in Denver Museum). 
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Wuitney, Davin D. Color inheritance in poodles. Jour. Canine Genetics, Independence, 
April 1955, pp. 3-8. 1955. 

Woopsury, Aneus M. Ecology of the Great Salt Lake Desert I. An annual cycle of the 
desert jackrabbit. Ecology, Durham, vol. 36, no. 2, pp. 353-356, illus. April, 1955. 

YaBr, Hisaxatsu. Three alleged occurrences of Stegolophodon latidens (Clift) in Japan. 
Proc. Japan Acad., vol. 26 (1950), no. 9, pp. 61-65, illus. 1951. (New: Eostegodon; 
E. pseudolatidens.) 

YaBE, Hisakatsu, AND Sy6z1 Izrr1. Die Entdeckung der versteinerten Arteria alveolaris 
mandibularis und Vena alveolaris mandibularis am Mz: von Desmostylella typica 
Nagao. Proc. Japan Acad., vol. 30, (1954) no. 9, pp. 873-876, illus. 1955. 

YerGerR, Ratpu W. Life history notes on the eastern chipmunk, Tamias striatus lysteri 
(Richardson), in central New York. Amer. Midland Nat., Notre Dame, vol. 53, 
no. 2, pp. 312-323. April, 1955. 

YounG, CHUNG-CHIEN. Pleistocene stratigraphy and new fossil localities of Shihhung and 
Wuho, northern Anhwei. Acta Paleontol. Sinica, vol. 3, no. 1, pp. 47-54. 1955. 

YounG, CHuNnG-cH1EeN. On a new Trogontherium from Hsiatsaohwan, Shihhunghsien and 
with notes on the mammalian remains from Chi-Tsu, Wuhohsien, Anhwei. Acta 
Paleontol. Sinica, vol. 3, no. 1, pp. 55-66, illus. 1955. (New: Trogontherium sinen- 
sis.) 

Youna, Stanuey P. Texas longhorns. Zoonooz, Zool. Soc. San Diego, vol. 28, no. 4, pp. 3-5, 
illus. April, 1955. 

Zarre, He_mutu. Die Fauna der miozinen Spaltenfiillung von Neudorf a.d. March (CSR.). 
Chiroptera. Sitz.-Ber. Akad. Wiss., Wien, math.-nat. Kl., Abt. I, vol. 159, pp. 
51-64, illus., 1950. (New: Rhinolophus similis; Pareptesicus, P. priscus; Miniop- 
terus fossilis.) 

Zapre, Hevcmutu. Die Fauna der mioziinen Spaltenfiillung von Neudorf a.d. March (CSR.). 
Carnivora. Sitz.-Ber. Akad. Wiss., Wien, math.-nat. Kl., Abt. I, vol. 159, pp. 
109-141, illus. 1950. 

Zapre, Hetmutu. Die Fauna der mioziinen Spaltenfiillung von Neudorf a.d. March (CSR.). 
Insectivora. Sitz.-Ber. Akad. Wiss., Wien, math.-nat. Kl., Abt. I, vol. 160, pp. 
449-480, illus. 1951. 

Zapre, Hetmutu. Dinocyon thenardi aus dem Unterplioziin von Drassburg im Burgenland. 
Sitz.-Ber. Akad. Wiss., Wien, math.-nat. Kl., Abt. I, vol. 160, pp. 227-241, illus. 
1951. 

Zapre, He_mutu. Die Fauna der mioziinen Spaltenfiillung von Neudorf a.d. March (CSR.). 
Proboscidea. Sitz.-Ber. Akad. Wiss., Wien, math.-nat. Kl., Abt. I, vol. 163, pp. 
71-87, illus. 1954. 

Zarre, Hecmuru. Zur Kenntnis der Simmeringterrasse bei Fischamend a.d. Donau, N.-O. 
Verh. Geol. Bundesanst. Wien., Heft 3, pp. 153-161, illus. 1954. 
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COMMENTS AND NEWS 
HONORARIA 


Two honoraria are available for the coming year for young mammalogists who have 
not obtained the Ph.D. degree. These honoraria carry a stipend of $100.00 each, which is 
to help defray the expenses of travel to the annual meetings for presentation of a paper. 
This year the meetings will be held at Higgins Lake, Michigan, June 16-20. Participants 
who desire to enter papers in competition, should send them to: Stephen D. Durrant, De- 
partment of Zoology, University of Utah, Salt Lake City 12, Utah. Inasmuch as the meet- 
ings are to be held in June, the papers should arrive no later than the first part of April 
in order that the committee may read them and make the choices. 

ANNUAL MEETING 

The annual meeting of the Society will be held at Higgins Lake, Michigan, June 16-20. 
The Directors’ Meeting will be at 8:00 pm, June 16, with formal sessions beginning the 
morning of June 17. The Chairman of the Local Committee is W. H. Burt. 

Dormitory accomodations will be available for adults (men and women separately) at 
the rate of $8 per day, including meals. These accomodations are limited to 96, so those 
wishing to take advantage of them are advised to make reservations early by writing direct 
to Edward M. Ray, Superintendent, Higgins Lake Training School, Roscommon, Michigan. 

An excellent campground is available within one-half mile of the Training School. No 
reservations are required for use of this. 

Rates at motels in the area are generally $5-$6 per day for two, and $8-$10 for four. Most 
will provide extra beds for chiidren at a dollar each. The following motels are recommended 
(figures in parentheses are distances from the Training School). 


Fawn Motel RR # 1, Roscommon, Mich. (544 mil) 
Allen’s Motel RR # 1, Roscommon, Mich. (54% mi.) 
Beach Side Motel Lyon Manor, Mich. (6 mi.) 

Holiday Motel Houghton Lake, Mich. (12 mi.) 

Resort cabins may be had for $25-$50 per week at: 

Chalifoux Resort Houghton Lake, Mich. (16 mi.) 
Sunset Bay Cabins Houghton Lake Hgts., Mich. (14 mi.) 
Frenchy’s Northwood Beach Houghton Lake, Mich. (9 mi.) 


There are restaurants near each motel and resort. Reservations should be made by 
writing direct to the motel or resort concerned. 

It is recommended that those travelling by public conveyance plan to take busses from 
Detroit, Ann Arbor, or Chicago. If coming by air to Detroit (Willow Run Airport), it will 
be closer to come from the terminal to Ann Arbor, then take a bus to Roscommon. There 
is bus service leaving Detroit at 9:20 AM, arriving Roscommon 3:30 pm; leaving Ann Arbor 
9:40 am, arrive Roscommon 3:52 pm. Summer schedules will provide additional busses and 
trains, but have not been announced yet. Check with your travel agency. There is a possi- 
bility of plane service to Traverse City (Capital Airlines), but the local committee would 
have to provide transportation from there to the Training School (60 miles). 

If arriving at Roscommon by bus or train, or at Traverse City by plane, members should 
inform Dr. F. C. Evans, Institute of Human Biology, University of Michigan, Ann Arbor, 
so that transportation from terminal to the Training School may be provided. 


CALL FOR PAPERS FOR ANNUAL MEETING 


Members who plan to present papers at the annual meeting are asked to submit titles not 
later than May 10, in order that a balanced program may be arranged. Please send titles, 
with time required for presentation, equipment needed, and a brief abstract to George C. 
Rinker, Dept. of Anatomy, University of Michigan, Ann Arbor. 


DATE OF ISSUE OF PREVIOUS NUMBER 
Journal of Mammalogy, Vol. 36, No. 4 was mailed December 14, 1955 





HAVAHART HUMANE ANIMAL TRAPS 


The Allcock Manufacturing Company has a large variety of humane animal 
traps. They have many sizes of live traps for those who are interested in catching 
the animals unharmed. The HAVAHART TRAPPING BOOKLET will be sent 


free of charge to anyone who requests it from the Allcock Manufacturing Com- 
pany, Ossining, New York. HavanarT traps have been used successfully by 
many who have been doing live-trapping experiments on small mammals. Write 
for the free booklet today. 
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SALE 


Back Numbers of 
JOURNAL OF MAMMALOGY 








Vol. 1, no. 5, each............. $2.50 Vol. 20, no. 3, each............ $2.00 
Vol. 3, no. 1, Lithoprinted..... . 2.00 Vols. 22-26, each.............. 5.00 
eis oh oo inw covet 6.00 Vol. 27, nos. 2, 3, 4, each....... 1.25 
ED eas 6.00 Vol. 2... ...5. 0. 5.00 
Vols. 7-19, each............... 5.00 Vol. 29, nos. 3, 4, each......... 1.25 


if SC Re ere re 


A discount of 20 per cent is allowed members in good standing. 


Pi.ces are subject to change without notice; orders will be filled only as copies 
are available. 







INDEX TO JOURNAL OF MAMMALOGY 


The index to the first 20 volumes, 1919-1939 inclusive, of this Journal is still 
available. Paper cover, $2.50; cloth, $3.50. 

The ten-year index, 1940-1949, is now available. Paper cover, $3.25; cloth, 
$3.75. 










RECENT LITERATURE AND MEMBERSHIP LIST, 
REPRINTS FOR SALE 


Reprints of the section on Recent Literature are for sale at 18¢ per number 
or 70¢ per volume. Supply available beginning with Volume 11 (1930) 












Send orders for any of above to Gzorce C. Rinker, Corresponding Secretary, 
DEPARTMENT oF Anatomy, UNtversiry of Micaican, ANN ArsBor, MICHIGAN, 
but made payable to the American Society of Mammalogists. 
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